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Preface

In the 39 month period from 1 November 1978 through 28 January 1982,
the Cetacean and Turtle Assessment Program surveyed over a quarter of
a million miles of trackline and made over 11,000 sightings of marine
mammals and 2,800 sightings of marine turtles. The goal of these
studies was to characterize marine mammals and turtlés in the Mid- and
North Atlantic regioms of the U.S. Outer Continental Shelf. These
results are intended for use in decision-making relative to oil and
gas exploration and developmenﬁ in these regions. This CETAP Final
Report presents the cumulative and summarized results from this

study.
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GENERAL REMARKS/PROGRAM HISTORY

The Cetacean and Turtle Assessment Program (CETAP) began at the
University of Rhode Island in June of 1978. Under contract to the
Bureau of Land Management, field studies began in November of 1978.
Annual Reports were prepared summarizing the findings of 1979 and 1980
respectively. Field studies were concluded in January of 1982. This

document is the third and final report of the program.

The program objectives were:

l. To determine which species of marine mammals and marine
turtles inhabit and/or migrate through the study area;

2. To identify, delineate, and describe areas of importance
(feeding, breeding, calving, etc.) to marine mammals and marine
turtles in the study area; ‘

3. To determine the temporal and spatial distribution of marine
mammals and marine turtles in the study area;

4. To estimate the size and extent of marine mammal and turtle
populations in the study area; )

5. To emphasize the above items (l-4) for those species
classified as threatened or endangered by the Department of Interior

and Department of Commerce.

The study area (Figure 1) was defined to be the waters overlying the
U.8. Outer Continental Shelf (0CS) between Cape Hatteras, North
Carolina, and Nova Scotia, Canada. Inner and outer boundaries were
-established: the contiguous coastline, and five nautical miles
(n.mi.) seaward of the 1000 fathom depth contour shown on U.S.
National Ocean Survey navigational chart No. 13003. The size of this
study area is approximately 81,154 square n.mi. The study area is
characterized by many submarine canyons, shoals, submarine banks,
diverse depth gradients, proximity to a major ocean current (the Gulf

Stream), numerous adjoining bays and sounds, and a large semienclosed
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body of water--the Gulf of Maine. Numerous location names used
throughout this report are illustrated on Figure 2 and described in

the glossary immediately following.
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Figure 1. The CETAP study area encompasses 81,154 n.mi.2 (278,350 kmz)
of the U.S. Quter Continental Shelf between Cape Hatteras, North
Carolina, and Nova Scotia, Canada. Additional boundaries are the
coastline and a 1ine parallel to, and five nautical miles (9.3 km)
seaward of, the surface projection of the 1000 fathom (1830 m) isobath.
No bays or sounds are included within the study area. Capjtal letters
are sampling block designators. The sampling area was stratified on the
basis of depth zones (strata x, y, and z) representing the nearshore
(0-36.6 m (20 fathoms)), shelf (> 36.3-91.4 m (50 fathoms)), and slope
(> 91.4 m) regions. The strata are illustrated in three different
shadings.
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Figure 2.

The study area showing geographical place names referred to in
the text.

A glossary of terms immediately follows this page.
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GLOSSARY OF GEOGRAPHICAL TERMS
Barnegat Inlet - the pass to Barnegat Bay, halfway between Atlantic
City and Sandy Hook, New Jersey

Bay of Fundy - body of water located between New Brunswick and Nova

Scotia, Canada

Block Island - a small island 12 miles south of Point Judith, Rhode
Island

Browns Bank -~ a bank on the continental shelf 50 miles due south of

Cape Sable, Nova Scotia
Cape Ann - the northernmost cape on the goastline of Masgachusetts
Cape Charles - the northern cape at the mouth of the Chesapeake Bay
Cape Cod - the hook-shaped peninsula of southeastern Massachusetts
Cape Elizabeth - a point of land 10 miles SSE of Portland, ME

Cape Hatteras - major cape of the eastern seaboard located at 35°
15'N, 75°30'w

Cape Hénlopen - the southern cape at the mouth of the Delaware Bay
Cape Henry - the southernm cape at the mouth of Chesapeake Bay
Cape May - the northern cape at the mouth of Delaware Bay

Cape Sable - the southern most point of Nova Scotia



Chappaquidick - an island on the east end of Martha's Vineyard, MA
Chatham - & coastal town on the SE shore of Cape Cod, MA

Corsair Canyon - a canyon in the continental shelf east of Georges

Bank; the coordinates are 37°30'N, 74°30'W

Delmarva Peninsula - the peninsula between the Chespeake and Delaware

Bays

Georges Bank - large bank on the continental shelf east of Nantucket

Shoals

Georges Basin - the basin off the northern edge of Georges Bank,

located in the Gulf of Maine, and the shoreward extension of the

Northeast Channel

Grand Manan Banks - an area of shoal water in the mouth of the Bay of

Fundy adjacent to Grand Manan Island

. Grand Manan Island - an island 7 miles from the border between Maine

and New Brunswick, Canada

Great South Channel - a deep water channel which runs from south to

north across the 0CS, midway between Nantucket Shoals and Georges

Bank

Gulf of Maime - gulf bounded by Massachusetts, New Hampshire, Maine,

and Nova Scotia



Gulf of Maine Funnel Basin - a funnel-shaped region defined by the
Nantucket Shoals and Provincetown slopes on the west and by the
western slope of Georges Bank on the east. The funnel basin
connects the waters of the Gulf of Maine to the Atlantic Ocean

through the Great South Channel

Gulf of St. Lawrence - a body of water bordered by Quebec, New

Brunswick, Nova Scotia, and Newfoundland, Canada

Hudson Canyon - a canyon in the continental shelf 100 miles SE of New

York City, New York, the coordinates are 39°30'N, 72°l4'W

Hydrographer Canyon - a canyon in the continental shelf at the
southern end of the Great South Channel; the coordinates are

40°05'N, 69°01'W
Jeffreys Ledge - a ridge in the ocean floor northeast of Cape Ann, MA

Lydonia Canyon - a canyon in the continental shelf south of Georges

Bank; the coordinates are 40°28'N, 67°41'W
Martha's Vineyard - an island 7 miles south of Cape Cod, MA

Massachusetts Bay - the body of water east of Boston, MA, between Cape

Cod and Cape Ann, excluding Cape Cod Bay

Mid-Atlantic Bight - the body of water found inshore of an imaginary

line between Cape Cod and Cape Hatteras, NC
Montauk Point - the easternmost point of Long Island, NY

Moriches Inlet - a pass in the barrier beach on the southeast portion

of Long Island, NY



Nantucket Island - an island about 25 miles south of Cape Cod, MA

Nantucket Shecals - the area of shoal water directly east and south of

Nantucket Island
Narragansett Bay - the principal bay of Rhode Island

New York Bight - the body of water found inshore of the imaginary line

between Cape May, NJ, and Montauk Point, Long Island, NY
Norfolk Canyon - a canyon in the continental shelf approximately 75
miles due east of Cape Charles, VA; the coordinates are 37°05'N,
74°40'W
Northeast Channel - a deep water channel running from west to east
approximately 80 miles southwest of Nova Scotia. It separates

Georges and Browns Banks

Platts Bank -~ a bank approximately 40 miles southeast of Cape
Elizabeth, ME

Plymouth - a coastal town about 35 miles south of Boston, MA
Provincetown - the coastal town on the northern tip of Cape Cod, MA

Provincetown slope - the area characterized by a sloping bottom east

of Cape Cod, MA
Quincy - a coastal suburb about 7 miles south of Bostom, MA

Reynolds Channel/Rockaway Inlet - a pass in the barrier beach of

southwestern Long Island, NY

10



Stellwagen Bank - a bank extending from 5 to 30 miles north of

Provincetwon, Cape Cod, MA

Wilmington Canyon - & canyon-in the continental shelf approximately
100 miles southeast of Atlantic City, NJ; the coordinates are
38°30'N, 74°30'W
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DATA COLLECTION

The third and final year of CETAP studies took place in 1981. Much of
the methodology described in the 1979 and 1980 CETAP Annual Reports
was continued. There were, however, a number of refinements and

changes.

In 1981 there were four principal changes to the field studies program
and corresponding data collection: (1) The shipboard
platforms-of-opportunity program was discontinued at the end of 1980,
(2) the sampling within the study area was largely restricted to lease
sale areas and areas of known endangered species abundance, (3) a set
of replicate samples was taken in order to gauge the variability
present in abundance estimation based on aerial survey data, and (4)
two additiomal survey blocks were added (one in the Mid-Atlantic, and

one in the North Atlantic) over the continental slope and rise.

The resulting data collection in 1981 was from: (1) four dedicated
aerial surveys (including replicate sampling), (2) three endangered
species specific surveys, (3) an aircraft-of-opportunity program, (4)
a dedicated cruise studying respiration and dive time behavior in the
Cape Cod area, and (5) opportunistic data contributed by a number of

sources. The sections below summarize the 1981 sampling.

Ded; , {2l S

The four dedicated surveys in 198l were flown as follows:

I 20 April - 20 June 17 flight days
IT 15 July - 15 August 10 flight days
IIT 15 October - 15 December 7 flight days
IV 2 January - 31 January 1982 2 flight days

5 Preceding page blank



The blocks surveyed are shown in Figure 3. The replicate sampling
took place in the North Atlantic areas in the spring survey. All
methodology was identical to that of previous years and is described

in detail in the 1979 and 1980 CETAP Annual Reports.

P o ~of- uni P

As described, the shipboard platforms-of-opportunity program was
discontinued at the conclusion of the 1980 field studies. The
aircraft-of-opportunity portion of the program was continued, and was
conducted between February and October of 198l. As before, this
aspect of the program utilized exclusively the Coast Guard aircraft
based at Air Station Cape Cod. Methodology was identical to that of

previous years.

Opportunistic Data

Sighting data collected and reported by other researchers, pilots,
fishermen, yachtsmen, mariners, and shore-based observers continued to
be utilized in 1981. As in previous years, standard formatting and
quality control procedures took place prior to merging with the CETAP

data base,

E - 8 S o E‘. S

Three endangered species specific surveys were conducted in 1981. The

dates and days flown were:

I 8-19 May 6 flight days
II 9 July 1 flight day
III 26 August - 14 October 7 flight days

16



Figure 3. CETAP main aerial survey blocks for the 1981 sampling.

Blocks R and S were new to the study area this year, and are located
in areas of future proposed leasing activity over the continental

slope and rise region. Stippled areas are present and proposed BLM
lease sale areas.
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These flights took place in the northern Gulf of Maine and
southwestern Nova Scotia area, as well as east of Cape Cod (Figure 4).
These flights were designed primarily to obtain data contributing to a
better understanding of the northern distribution and migration of the
right (Eubalaena glacialis), the humpback (Megaptera novaeangliae) and
the fin whale (Bﬁléﬁnﬂpiﬁxa_phxﬁalgi). Data on other species was

collected in the standard manner in the course of these surveys. The

methodology was identical to previous years.

Dedj | Cruj .

A dedicated cruise aboard the R/V Tioga took place from 9-30 May 1981.
The area of operatioms included Stellwagen Bank and the Great South
Channel area, east of Cape Cod. The object of the cruise was twofold:
(1) Study behavior, respiration, and submergence time of three
endangered large whales--rigﬁt. humpback, and fin whales, and (2)
Cooperative participation in a multi-agency, NASA coordinated,
remote-sensing and ground-trutﬁing study--the Nantucket Shoals

Experiment,

Operations were coordinated with CETAP aerial surveys for the purpose
of reconnaissance and identifying locations and concentrations of

cetaceans for study.

Environmental data and chlorophyll and plankton samples were taken at
95 stations. There were 45 hours of behavioral observations recorded
on endangered species in a total of 35 different sessions. Behavioral
data collection procedures are described in detail in the 1980 CETAP

Annual Report and in Special Topic D in this report.

18
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41

Figure 4. CETAP endangered species survey blocks, 1981. Blocks E-1
and E-II were sampled by the Cessna 337 Skymaster, and Block RW was
sampled by both the Skymaster and the AT-11.
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TIME FRAME DEFINITIONS FOR DATA COLLECTION AND ANALYSIS

Over the course of the three year field studies pfogram, CETAP has
employed a number of sampling schemes and time intervals for data
collection and analysis. In this final report, all data are presented
in one of two ways: (1) Total cumulative data for all 39 months of
sampling--1 November 1978 through 28 January 1982, or (2) Seasonal.

The definitions used here follow the astronomical or calendar seasons,

and are: »
Spring March 20 through June 20
Summer Jﬁne 21 through September 21
Fall September 22 through December 20
Winter December 21 through March 19

DATA MANAGEMENT

In 1981, the data management system continued unchanged from that of
1980. Basically, the data base system uses the SAS (Statistical
Analysis System) software package, the University of Rhode Island's
NAS 7000N mainframe computer, a secondary Prime 750 computer, and a

Zeta 53 plotter.

DATA SYNTHESIS AND ANALYSIS

Distri i i d c

The basic data product for analysis of cetacean and turtle occurrence
continues to be computer-generated plots of sightings--either
cumulative or by season. Details as to bathymetric features or lease

sale boundaries are provided through use of the transparent overlays

located in the rear pocket of the report.
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The distributional data and the resulting conclusions from them are
strongly influenced by sighting effort. This factor is addressed in

both of the following subsections.

Sichting Eff

While surveys are often planned to uniformly distribute effort over a
given space and time, weather, logistical constraints, and other
factors often result in a non-uniform distribution of effort. The
sighting data have been shown to be highly correlated to the sighting
effort which produced the data (Hain et al., 1981), thereby

introducing a substantial bias.

CETAP has continued to investigate and refine the way in which effort
is taken into account. In this final report, the geographical unit
for amalysis of sighting effort is the 10' quadrat (1370 in the study
area) and the time interval is either total cumulative or seasonal.
The sighting effort per unit area is shown as a three-dimemsional plot
.of number of events per 10' quadrat. The term event denotes the
discrete instance at which a standard time/position mark is recorded
along the trackline. It is a convenient measure of sighting effort
which is highly correlated to both miles on watch or hours on watch.
It is particularly useful because of ease of computation and analysis.
The trackline mileage is also used as a sighting effort measure in
certain instances. The details of this methodology are given in the
1979 and 1980 CETAP Annual Reports.

21



Re 1 nce: Distri i C d Si
Effort

In the 1980 CETAP Annual Report and in this Final Report, raw sighting
data have been adjusted for sighting effort to produce relative
abundance values. This method provides an improved picture of the
actual species distribution over space and/or time, since the bias
introduced by varying sighting effort has been removed. The resulting
individuals-per-unit effort measure is analogous to the catch per unit

effort (CPUE) indices employed in the fisheries sciences.

As in the analysis of basic sighting effort, CETAP has investigated
and refined various methods of relative abundance analysis. Here
again, a single and best method has been chosen for this report. This
method uses three-dimensional plots of numbers of individuals divided

by number of events (the relative abundance) for each 10' quadrat.

The details on the methodology and the simplifying assumptions are
given in the 1980 CETAP Annual Report. The 3-D plots were generated
through the SYMAP and ASPEX routines maintained by the Academic
Computer Center at the University of Rhode Island and developed by the

Harvard Graduate School of Graphics Design.

P i Esti ] Apalysis

Over the course of the three year CETAP program there have been a
number of refinements in the way in which population estimates have
been calculated. These refinements were based on an evolution of
methods and aimed at increasing precision through decreasing the size
of the variance terms. In the 1979 Annual Report, the method used was
the Cox-Eberhardt non-parametric method (Eberhardt, 1978). In the -
1980 Annual Report, calculations were based on the methods of Burnham

et al, (1980). In this final report, the methods of Burnham et al.

22



(1980) were continued but with the modification of using mean pod size
X number of sightings rather than number of individuals to calculate
the density of individuals on a given trackline. The current method

of estimation is described below.

As in 1980, estimates of animal density and abundance were made using
line transect anmalytical techniques. From Burnham et al. (1980)

density estimates (ﬁt) take the form:

where L. jg the length of transect sampled, nt the number of targets
observed along the transect and £(0) the estimated probability demnsity

function evaluated at a right angle distance of 0.

As described in the 1981 analysis, B, was taken to be the number of
"pods" of cetaceans and/or turtles sighted along transect t

(t=1,2,...4n). The average pod size was estimated as the average
number of animals of a given species observed per sighting from the

pooled three-year data base. The estimated density of individuals

(DIt) sampled along a given transect was estimated as:

where g is the estimated mean pod size.
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Since transect lines were treated as replicates within a sampling
stratum or block and since the transects were of unequal length, a
weighted mean estimate was used for each stratum or block sampled.

This estimate takes the form
T N
z

i=

>
'

The variance of this estimate was taken as (from Burnham et al., 1980,

as extended by Hay, 1982).

TR RNRTORE!

The sampling variance terms for g (V(g)) and n (V(n)) were empirically
derived. The variance term for f(0) (V(f(0))) was the theoretical
variance computed from program TRANSECT (Laake et al. 1980) for the

“best fit” model estimator of %(0).

Burnham et al. (1980) have outlined the selection criteria for
choosing the “best fit” model. In this analysis, the most
parsimonious model was taken as the "best fit . That is, given a
satisfactory fit based on the Chi-square goodness-of-fit, the model
yielding the most precise estimate of f(0) was chosen. Five different
models were fit to the sighting frequency data. These included:
Fourier Series, Exponential Polynomial, Negative Expomential, Half

Normal, and Exponential Power Series.

Confidence intervals about the density (and abundance) estimates were

constructed using the standard student's-t method.
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Estimates of species abundance were made as:

where A is the entire sampling area (in this case the area of a

stratum or block).

The estimates presented for most species are comservative due to,
among other factors, animal diving behavior. The estimates presented
represent the average number of individuals at the surface, available
to be seen at any time. In order to adjust the estimates for animal
diving behavior one must consider the probability that an animal will

be .at the surface at any time.

Given that:

P(surface) = p, 0<p<l

and

P(sighting | at surface, x=0) = g'(0)=1
Then, assuming that the aircraft does not influence the diving
behavior of the species sampled,

g(0) = P(sighting | x=0) = g'(0).p=p
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From Seber (1973) and Burnham et al. (1980).

g(0)
f(0) = T s
" 69 x )dx
__9'(0)p
"
and
f(0) _ 1
p M

Also given (from Burnham et al.)

_n_
2LuW

D =

then

. _nf(0)
2L

[
wn

where S is the scale-up factor for adjusting density estimates for
diving behavior. By extension of Burnham et al. (1980) and Hay (1981)

the variance of this estimate may be taken as:

V(B = b2 Vén) . _%%féO)z . v§3) )
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Estimation of the scale-up factor may be made from several data
sources including aerial (preferred) and shipboard time-series

observations and radio-tag data.

Given a time-series observational record of surface and subsurface
bout durations, the value of S may be estimated as the first hinge
point in the log-survivorship function (log of the frequency of
intervals greater than a given time vs time). 'In the behavioral
literature (eg. Fagen and Young (1978) and Special Topic D, .

this report) the first hinge-point is used as an objective criterion
to define interbout intervals. In the case of whales, the bouts of

interest are surface and subsurface.

Analytically, the interbout interval may be defined by fitting a mixed

-~ exponential model as proposed by Fagen and Young (1978):

£(t) = qa]e“a1t 4 (1-q)a2e‘azt

for t>0. Here a; and a; are the respective negative exponential model

parameters and q the weight parameter for the mixed model.

The intersection of the two compoments is defined as the interbout

interval. That is, one must solve for time, t, when

15 = (-qlae™®e

qa]e'a

In{a/(1-q)) - In(ay/ay)
ay T

t =
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The mixed exponential model for estimating interbout intervals may not
be adequate for cases where bouts are grouped into "superbouts“ (Fagen
and Young, 1978). 1In these cases graphical techniques may yield a
more reasonable estimate of the first hinge-point in the
log-survivorship function. The data presented in Special Topic D
(this volume) suggest that superbouts may be confounding and for that

reason graphical methods were used to derive estimates of t.

Time t 1s interpreted as the time an individual (or pod) spends at (or
very mear) the surface (surface bout duration) and is available to be
seen. Observers in an aircraft are able to scan forward and view a
given patch of water for a period of time (t'); therefore, t' must be
considered when evaluating the time an animal might be sighted during
the plane's passage (e.g., in the fashion of McLaren, 1961). Assuming
a random distribution of targets with respect to the viewing field,
then the average time a water patch is visible to am observer may be

used for adjustment. This average is estimated as:

1 (90-2)>0

i = fs 0T 1_Elsm cR tan ¢/(90 - ¢)

U . [ . ) .
where t' ;g4 specific to species s and dependent upon the estimate of

£(0) for each species (£,(0)), v is the aircraft velocity, Oy the
angle to water patch i and f the angular deviation from 90°¢ of the

average viewing field.
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The probability that an animal (or pod of animals) is at (or very
near) the surface at any time during passage of the aircraft (p) may
be estimated from shipboard data, assuming that an animal (or pod) is
always visible to aircraft observers during the duration (t) of a

surface bout, defined above. An estimate of p is:

where
1, when s.+d.<t+t'

.+ . = 1 1= [}
; /(s +di) = { <1, when sitdi>t+t

where S; represents the observed duration of surface bout i and dj the
duration of subsurface bout 1i. ’

The scale-up factor (S), is then estimated as

with an empirically derived sampling variance.

Sufficient data were only available to estimate the scale-up factor

for three cetacean species. Factors were estimated for fin, humpback

and right whales.
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Regional Estimates

Due to a general lack of synopticity in the samples during any survey
period and animal movements, estimates made are strictly valid only
for the block and/or stratum sampled on the day the sample was taken.
However, reasonable estimates of regional abundance may be achieved
using weighted mean estimates.from the pooled three year sample
paréitioned by seasons and specific areas. The seasons used are
“calendar” seasons (spring, 20 March-20 June; summer, 21 June-21
September; fall, 22 September-20 December; and winter, 21 December-19
March). The defined regions of interest are shown in Figure 5. The
grouping of the sampling blocks in the defined regions are given in
‘Table 1. Average regional/seasonal densities were calculated as the
area-weighted mean of all idividual sample densities in that region
and season, while the variance term represents the weighted mean of

the individual variances. Corresponding abundance and confidence

intervals were estimated as above.

Because many of the defined regions contain only specific strata from
the sampling blocks and the 1979 data were not stratified, the
estimated averages within these regions could not include the 1979
data. It waé therefore decided to post-stratify the 1979 data into
the same depth strata used for the 1980 and 1981 sampling. The 1979
aerial survey lines were plotted and each event assigned to the
appropriate stratum. New events were then interpolated to mark the
~change of strata along each track lime. Sampling blocks C and D were
subdivided into 1980/1981 blocks N, O, P, and Q to accomodate the
region definition scheme. This was not necessary for blocks A and B
(1980/1981 blocks J, K, L, and M). The population estimates were
recalculated after merging the data set containing the new 1979
blocks, strata and boundary events with the main data base. The

resultant block/stratum estimates were used to calculate the averages
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Table 1.

stocké.

Region

4]1980-81 Sampling Blocks

21978-79 Sampling Blocks

Region definitions for estimates of cetacean and turtle

Gulf of Maine

Georges Bank
<50 fathoms
>50 fathoms
Lease Sale 52

Mid-Atlantic
New York Bight
near-shore
mid-shelf

Shelf Edge

Continental Slope

Study Area 0CS

Je K, Ly M
N, O, P, Q
Ny, Oy, Py,
Nz, Oz, Pz,
Q, Ez

E’ F’ G) H’
F’ G

Ex, Fx, Gx,
Ey, Fy, Gy,
Ez, Fz, Gz,
R, S

Js K, L, M,
E’ F’ Go H'

Qy
Qz

Hx, Ix
Hy, Iy

HZ. IZ. OZ‘ QZ

N, O, P, Q

A' B’
Fs Gy

G,

C,
H,

H,

D,

I

E,

a
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Figure 5. Regions defined within the CETAP study area and used to
calculate average seasonal cetacean and turtle population densities
and abundances. Dashed lines show the boundaries of the original
aerial survey blocks and strata which were subsequently combined into

these regions.
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by region and seasomn, which are included with the species accounts.

In cases where post-stratification caused the maximum point abundance
estimate to change significantly from the value without stratification
of the 1979 data, both are included in the species accounts. For each
species, the estimates which appear in the population estimate tables

incorporate the post-stratification of the 1979 survey data.
sis Cetacean Respi ion_and Di Time_ Be io

The primary mission of the two dedicated cruises (May 1980, May 1981)
was to gather respiration and dive time data on endangered cetaceans

in the Cape Cod area. The methodology for the analysis of these data
are given in detail in the 1980 CETAP Annual Report and in Special

Topic .D (this volume).
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SIGHTING EFFORT

1981 Sighting Effort

In the 13 month period from 1 January 1981 through 28 January 1982,
328 hours of on-watch observations were conducted by CETAP personnel
over 33,737 n.mi. of trackline in and directly adjacent to the study
area. In keeping with past practice, these sighting effort figures
consider only trackline searched in sea states of Beaufort 3 or less.
Since the shipboard platforms-of-opportunity program was discontinued
at the end of 1980, the sighting effort in 1981 came from the four
seasonal dedicated aerial surveys; endangered species flights in
spring, summer, and fall; and platforms-of-opportunity flights aboard
Coast Guard aircraft from February through October. The cumulative
tracklines plotted by season are shown in Figure 6. The corresponding

data are shown in Table 2.

Since the intent of the 1981 sampling program was not to continue with
the general surveys of the study area, but rather to concentrate on
present and proposed lease sale areas and site-specific sampling of
areas containing concentrations of endangered species, the 1981
sighting effort was primarily in four areas south and east of Cape

Cod, and two areas east and southeast of New Jersey.
The following summarizes the 1981 sighting effort:

1. The 1981 sighting effort was substantially 1ess than in either
of the two previous years. The on-watch hours were 4% of the
total for all years, and the on-watch miles were 15% of the
total (the discrepancy between the hours and miles figure is

due to the exclusive use of aerial platforms in 1981).

37 Preceding page blank
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Table 2

Events recorded,

cetacean and turtle sightiggs made during the

studies.
sea states of Beavu

These sightin effort data consider

ort or less. :

track miles surveyed,

hours on watch, and
1981 CETAP field

only on—~watch periods in

s P e s o e e

Dedicated Aerial

Events Miles Hours gf;ﬁifﬁgs SI;H:%:QS
2302 11399 123 654 39
1571 5429 55 241 223

476 2728 26 92 2
498 2888 29 93 -
4847. 22444 233 1080 254

Aircraft-0f-Opportunity

Events Miles Hours gg;ﬁi?ﬁ;s
5464 4511 40 76 b
555 4004 32 &7 22
184 1298 11 17 12
223 1480 12 20 1

1526 11293 95 180 41




2. Due to the endangered species flights in spring and to the
unusually foul weather in fall and winter (which prevented
successful surveys), the seasonal variation in sighting effort
was more extreme than in previous years. Spring had 47% of the
total trackline miles for the year, summer 28%, fall 12%, and

winter 137%.

3. Two areas were surveyed for the fifst time in 1981. The areas
were located over the continental slope and defined by 50 mile
extensions seaward of the 2000 m depth contour (Figure 5). The
northern area, Block R, was sampled only once, on 1 August
1981. The Mid-Atlantic area, Block S, was sampled twice, on §
June 1981 and 28 July 1981.

4. The best coverage of the study area in 1981 was in spring, in
the areas south and east of Cape Cod. This was consistent with

other years.

; | Evaluati : | Siehtine Eff

The entire CETAP field study took place during a 39 month period from
1 November 1978 through 28 January 1982. During this time, CETAP
personnel surveyed 229,112 n.mi of trackline during 9,190 hours of
on-watch observation in sea states of Beaufort 3 or less. This effort
took place from dedicated aircraft, dedicated bpats. ships-of-
opportunity, and aircraft-of-opportunity. The data for 1979 and 1980
have been presented in the 1979 and 1980 CETAP Annual Reports. The

data for 1981 are given in the preceding section. The cumulative
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data,

summed over all years, are given in Tables 2 and 3. The graphic

presentation of the cumulative sighting effort, in total and by

season, 1s given in Figures 8a through 8d.

The following conclusions summarize the cumulative sighting effort

results:

1.

Sighting effort varied geographically and temporally (within

years, between years, and between seasons)

Of the total on-watch miles surveyed, 51% were in 1979, 347

were in 1980, and 15% were in 1981.

The level of coverage varied with season. Using miles-on-watch
as a measure, spring received 397 of the total coverage, summer
31%, fall 17%, and winter 12%. In general, the level of
sighting effort was three times higher in spring than in

winter.

Sighting effort likewise varied with location. Using the data
in Figdres 7 through 8d, in general, the area to the east and

southeast of Cape Cod received the most coverage, and the areas
over eastern Georges Bank and through the central Gulf of Maine

received the least.

To translate the above yearly and seasonal figures to an
overall measure of study area coverage, the number of events
were tallied for each 10' quadrat in the study area and
converted to a mileage figure using the CETAP 3 year average of
1 event = 5.4 n.mi. Assuming the area searched extends one
mile to either side of the trackline, an average of 47% of the
study area was surveyed during each of the 3 spring seasons,
37% during summer, 20% during fall, and 14% during winter. If

one more conservatively assumes that the area effectively
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~ searched is less than a 2 mile swath, a view consistent with
findings reported by Hay (1982), Powers et al. (1982), and

Scott and Gilbert (1982), then the percentage coverage is

proportionately reduced. This may decrease the effective

coverage by 1/2 for large whales and 3/4 for dolphins.
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Table 3a Sighting effort summarized by platform type. Values shown
are events recorded, track miles surveyed, hours on watch, and
cetacean and turtle sightings made during all CETAP field studies - a
39 month period from 1 November 1978 through 28 January 1982. These
sighting effort data consider only on-watch periods in sea states of
Beaufort 3 or less. '

Dedicated Aerial Ships-0Of-Opportunity Alrcraft-0f-Opportunity *
Season/ Cetacean Turtle Cetacean Turtle
Date Events Miles Hours Sightings Sightings | Events Miles Hours Sightings Sightings| Events Miles Hours g?;?f?ﬁgs S?SEE}:gs
________________________________________________ QGO S —_— - e
ggrggg 8773 48240 525 2144 279 4434 18257 2508 1109 21 2648 23840 207 385 201
20 Jun ‘
gymgsa_ 7270 30078 308 1089 1322 5094 20872 2759 1150 77 2592 20463 179 350 . 527
21 Sep ‘
gsléep— 2917 17310 177 . 501 235 3028 11760 1580 699 24 1045 11012 94 117 89
20 Dec
ginB::_ 2448 18619 184 312 a3 1429 4862 633 313 - 451 3379 36 100 7
19 Mar
Totals 21408 114247 1194 4048 1839 13985 55751 7480 3271 124 6756 39114 3516 952 Béd




Table 3b Sighting effort summarized by season and for complete CETAP
field studies. All platform types considered collectively. Values
shown are events recorded, track miles surveyed, hours on watch, and
cetacean and turtle sightings made during all CETAP field studies - a
39 month period from 1 November 1978 through 28 January 1982. These
sighting effort data consider only on-watch periods in sea states of
Beaufort 3 or less.

T - - - - " - G - - " O - - W W G e v G Y P Gm e e W e A B S . =

Season/ Cetacean Turtle
Date Events Miles Hours Sightings Sightings

- S O - T - - = - - w8 Gu . . G e A - . A A S e W e W T - G e A Gm e NN W . e e e

Summer 14956 71613 3246 2589 1926

Fall 6990 40082 1851 1317 350

Winter 4328 27060 853 725 10
20 Dec-
19 Mar

T e - 4 o v . R - G S - - - - o~ e . e e . e - - e e e e W - . .

Grand
Totals 42149 229112 9190 8271 2787



0.0

Figure 7. Total sighting effort for the 39 month CETAP field studies.
Values plotted are the total number of events (a measure of sighting
effort--see text for explanation) for each 10' quadrat within the
study area after application of a binomial smoothing functiom. The
data used are for om-watch periods in sea states of Beaufort 3 or
less, and include both aircraft and surface vessel survey platforms.
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Figure 8a. Spring season sighting effort for the CETAP field studies.
Note that the four seasonmal effort plots have uniform scales for ease
of comparison.
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Figure 8d. Winter season sighting effort for the CETAP field studies.
Note that the four seasonal effort plots have uniform scales for ease

of comparison.
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S E t R i P i E

The data on sampling effort during the 198l main aerial surveys are .
presented in Table 4, listing platform, date, block, stratum, and
number of transect lines completed for each sample. A total of 564
sightings were collected during these surveys under conditions
quaiifying them for use in population estimation. Of these, 84 were
of large whales (Balaenoptera physalus, B. borealis. EA~ﬂ£nLQXQ§LI£La;
Megaptera novaeangliae, Eubalaepa glacialis, and Physeter catodon),
338 were of small whales (all remaining cetaceans observed), and 142

were of sea turtles.

The data on sampling effort during the 1981 endangered species surveys
are presented in Table 5. A total of 132 sightings useable for
population estimation were recorded, with 76 large whale and 56 small
whale sightings. The combined data for 1981 are then: 160 large
whale sightings, 394 small whale sightings, and 142 sea turtle
sightings, for a grand total of 696.

Details of sampling effort for the 1979 and 1980 surveys, both main
and special, can be found in the CETAP reports for those years. The
three-year total data on sightings useable for population estimation

are as follows:

Main surveys: 312 large whale sightings, 1335 small whale, and
1168 sea turtle; total = 28l5. ‘

Special surveys: 159 large whale (as defined above plus B,
musculus) sightings, 212 small whale, and 4 sea turtle; total =
375.

Combined: 471 large whale sightings, 1547 small whale, and 1172

sea turtle; total = 3190.
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Table 4. Sampling effort during the 198l main
aerial surveys.

O e S G S e B e St e @ B e i - S S P (. 2o S o S Y MY W e o o o0 S G S G W S St B S S S e S i

S s U e o i P W S o o s L S P U S . W W S o SR S W PO S o . G o S S " St it S St W Pt T T S o T

Al E X AT-11 5 4/25/81
Al E X AT-11 2 5/18/81
Al E X AT-11 5 5/19/81
Al E X AT-11 5 5/21/81
Al E Y AT-11 6 4/25/81
Al E Y AT-11 : 5 5/14/81
Al E Y AT-11 5 5/18/81
Al E Z AT-11 8 5/11/81
Al E z AT-11 10 5/19/81
Al E . z AT-11 9 6/ 1/81
Al G Y AT-11 1 6/12/81
Al G z AT-11 16 6/12/81
Al P Y AT-11 8 4/27/81
Al P Y AT-11 7 4/28/81
Al P Y AT-11 8 5/ 8/81
Al P z AT-11 5 4127781
Al P yA AT-11 5 4/28/81
Al P Z AT-11 5 5/ 8/81
Al Q Y AT-11 9 5/10/81
Al Q Y AT-11 9 6/ 2/81
Al Q 2 AT-11 5 5/10/81
Al S y/ AT-11 8 6/ 8/81
A2 E X AT-11 6 7/18/81
A2 E Y AT-11 4 7/25/81
A2 E Z AT-11 9 8/ 2/81
A2 G X AT-11 4 7/31/81
A2 G Y AT-11 7 7/31/81
A2 G z AT-11 14 7/19/81
A2 P Y AT-11 8 7/26/81
A2 P yA AT-11 5 7/26/81
A2 Q Y AT-11 8 8/14/81
A2 Q 2z AT-11 4 8/14/81
A2 R Z AT-11 6 8/ 1/81
A2 S Z AT-11 6 7/28/81
A3 E X AT-11 4 11/ 2/81
A3 E Y AT-11 5 11/ 2/81
A3 E Z AT-11 10 12/ 1/81
A3 G X AT-11 4 12/13/81
A3 G Y AT-11 7 12/13/81
A3 P z AT-11 5 12/ 4/81
AL E X AT-11 5 1/19/82
AL E Y AT-11 4 1/19/82

— o . G s s T S W G S . (e S (s S W O T S W G € . . S o S S s S S o e S O A Pt PO B i s Bl S T G S O T
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Table

-

5. Sampling effort during the 1981
endangered species surveys.

SURVEY BLOCK STRATUM PLATFORM  LINES DATE
El 1 Skymaster 5 5/ 8/81
El 1 Skymaster 5 5/14/81
El 1 Skymaster 5 5/18/81
El 1 Skymaster 3 7/ 9/81
El 1 Skymaster 3 9/26/81
El 1 Skymaster 3 10/14/81
El 2 Skymaster 5 5/ 9/81
El 2 Skymaster 5 5/10/81
El 2 Skymaster 5 5/19/81
El 2 Skymaster 3 7/ 9/81
El 2 Skymaster 3 9/26/81
El 2 Skymaster 3 10/14/81
R1 2 AT-11 8 5/21/81
R1 2 AT-11 9 6/ 2/81
R2 2 Skymaster 6 7/25/81
R2 2 Skymaster 8 5/14/81

————— — —
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POPULATION ESTIMATION: Estimates of f(0)

The first consideration in calculating population estimates is to
estimate the value of £f(0). This paraméter is the probability density
function of perpendicular distances from the transect line, evaluated
at a distance of 0. The reciprocal of f(0) is the effective
half-swath, the width of the strip on either side of the tramsect
which is effectively sampled. Dividing the average number of
individuals sighted per km of transect by the effective transect width
yields a measure of species density (individuals/km2). This is the

basis of the line transect population estimation technique (Burnham et
al., 1980).

Estimates of f(0) for the various taxonomic categories observed,
calculated from the entire three-year sighting record, are presented
in Table 6, along with the estimation model used and the calculated
effective half-swath. These estimates were obtained using the
'"PROGRAM TRANSECT' analysis program developed by the Utah Cooperative
Wildlife Research Unit (Laake et al., 1980) and based upon line
transect methods presented in Burnham et al. (1980). The estimator
model providing the best fit to the observea distribution of right
angle distances for each category was the model selected. Because
sighting conditions differ between the two survey platforms, separate
estimates were calculated for each wherever possible. Species and
categories where the total number of sightings was less than 30 were
pooled into the general categories 'large whale', 'small whale', and
'turtle', as were groups where the pooled data provided a better fit

to the model.
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Table 6. Estimates of £(0) for the taxonomic groups listed.
Effective
Group Platform Model £(0) Half-swath
a (km)
Large whales AT-11 FSER 1.0253  0.9753
Large whales Skymaster  FSER 0.8044 1.2432
Balaepoptera acutorostrata - Both NEXP "3.26 0.3065
B. borealis AT-11 EXPS 2.529 0.3954
B. physalus AT-11 NEXP 1.598  0.6258
B. physalus Skymaster  FSER 0.7242 1.3808
Eubalaepa glacialis AT-11 NEXP 1.681 0.5949
E. glacialis Skymaster  EXPS 0.9318  1.0732
Megaptera novaeangliae AT-11 HNOR 0.9595 1.0422
M. novaeangliae Skymaster NEXP 0.7573 1.3205
Physeter catodon AT-11 FSER 0.9723 1.0285
Small whales AT-11 HNOR 3.503 0.2855
Small whales Skymaster  NEXP 1.922 0.5203
Delphinus delphis AT-11 FSER 2.015 0.4963
Grampus_griseus AT-11 FSER 1.555 0.6431
Globicephala ‘spp. Both FSER 1.673 0.5977
Lagenorhynchus spp. AT-11 NEXP 2.848 0.3511
Lagéngxhxaghgg SPP. Skymaster  NEXP 1.744 0.5734
Phocoena phocoena Skymaster  NEXP 3.616 0.2766
Stepella spp. AT-11 HNOR 1.141 0.8764
Tursiops truncatus AT-11 FSER 1.446 0.6916
Turtles Both FSER 2.867 0.3488

*

Models are:

Exponential Power Series, HNOR - Half-Normal.
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SPECIES ACCOUNTS

Preface

The following section contains the species accounts for the 26 species
of cetaceans and 4 species of turtles sighted during the CETAP field

studies.

Within each species account the results are arranged under major
headings and subheadings relating directly to MMS/CETAP program
objectives and goals. These headings are descriptive of the

information contained within.

When examining these materials, the reader should be aware of the

following:

1. Different analyses used different data sets. Some analyses used
the entire data set, while others used subsets of the data. This
information is given in the text, and typically the tables and
figures will include the number of observations used. For
example:

Plots of sighting distribution -- &ll sightings of the given
species in the CETAP database are used (except historical,

unless otherwise noted).

3-D plots of relative abundance -- uses a sighting of the
given species collected aboard dedicated aircraft, and ships
and aircraft-of-opportunity during on watch periods in sea
states of Beaufort 3 or less. This method employs a subset
of the complete database and is typically about 75% of the
total sightings.
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Tables and figures giving population estimates =-- employs the
most restricted data set, using only sightings made on
rigorously defined census tracklines. This data treatment

typically uses about 20%Z of the total sightings.

Since the same analysis for different species used the identical
data set the results reported within a topic are comparable

between species. However, the results reported within a given

- species account may not be directly comparable betweem topics, as

each topic uses a unique data set, as described above.

The practice in this Final Report is to consider all data either
as a total or subdivided by season. The total data include all
observations. Seasons are defined according to astronomical or

calendar convention. This means that:

Spring - March 20 through June 20

Summer - ‘June 21 through September 21
Fall - September 22 through December 20
Winter - December 21 through March 19

As an aid to interpretation of species occurrences relative to
BLM Lease Sale Areas, Proposed Lease Sale Areas, and bathymetry,
transparent overlays of present and Proposed Lease Sale
boundaries and selected depth contours (isobaths) are included in

a pocket attached to the inside back cover of this report.
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Eubalaena glacjalis - Right whale - Endangered Species

INTRODUCTION

198] Data. The 198l data on the right whale were consistent with that
from other years. Of particular interest is the migration information
obtained through work on individual identification and resighting, a
project which has been advanced by analysis of the cumulative three
year data base. These resulté. along with a summary of all findings,

are presented below.

Number of Sightings. E. glacialis was the fourth most commonly
sighted large whale in the study area. The 380 sightings of 988
individuals accounted for 9% of the baleen whale sightings during the

3 year survey period.

Individuals per Sighting. The average number of individuals per
sighting was 2.6, with a mode of 1, and a range from 1 to 46. This
small group size was typical of all baleen whales and, for the most

‘part, large whales.
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SPATIAL AND TEMPORAL DISTRIBUTIONS

Gene Distribution. The sighting distribution of the right whale is
shown in Figures 9a through 9d. During winter, right whale sightings
were very sparse. Right whales were observed off Cape Hatteras, NC,
with scattered sightings south of Long Island and Nantucket. It is
‘not known if these are wintering areas or areas which right whales
pass through on their migration. The majority of right whale
sightings were seen in the spring when aggregations were observed in
the Great South Channel area. Scattered sightings were also made
along the coast from North Carolina to Cape Cod, including
southwestern Georges Bank. Additional sightings occurred throughout
the northern Gulf of Maine, including Stellwagen Bank, off Cape Ann,
and a single sighting on Browns Bank. Adjusted for effort, the major
areas of concentration during the spring are the Great South Channel
area, and the northern edge of Georges Bank. These spring time
aggregations were seen in roughly the same area in 1980 and 1981,
though the major area of concentration in 1979 was observed

approximately 60 n.miles north of the Great South Channel area.

During the summer, the majority of sightings occurred in the Bay of
Fundy and on Browns Bank. This is in accordance with observations
made by Kraus and Prescott (1981,1982) and Sutcliffe and Brodie
(1977). Additional scattered sightings occurred in the Great South
Channel area and in the northern Gulf of Maine primarily along the
coast from Massachusetts to Maine. Effort adjusted, the majority of

the summer sightings occurred in the Bay of Fundy and on Browns Bank.

Scattered observations of right whales occurred in the fall, primarily
off Cape Ann, with scattered sightings off Cape Cod, the northern edge
of Georges Bank, and along the coast from New Jersey to North

Carolina.
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There were no sightings of right whales in Lease Sale Areas 40, 49, or
59.

Eeeding. Sightings of surface feeding by right whales were noted in
several areas, including the interior portions of Georges Bank, the
southern portion of the Great South Channel, and scattered sites in
the eastern half of the Gulf of Maine (Fig. 9e). These sites all
coincided with areas of general sightings of right whales. Surface
feeding sightings accounted for only 6% of total right whale
sightings. Over 90% of feeding sightings were made in spring and

summer, mostly in spring.

Right whales, like sei whales, have been described as “skimming”
copepod feeders (Mitchell, 1974; Nemoto, 1970). However, recent
studies (Watkins and Schevill, 1976, 1979; this report) indicate that
most right whale feeding is done sub-surface, and hence, would not be
subject to observation. This undoubtedly accounts for the low
percentage of surface feeding observations in this study. Thus, we
must cousider the main general sighting péttern. at least north of
.Long Island, also as an indication of feeding areas. In that respect,
it is apparent that the northern portion of the Great South Channel,
Cape Cod Bay/Jeffreys Ledge area, and the southern edge of Georges
Bank are also of importance to feeding right whales. It is also of
considerable interest that there was relatively little oﬁerlap between
right and sei whales, despite their similar feeding habits. 1In
particular, right whales on Georges Bank were most commonly seen
inside the 100 m comtour, while sei whales were most often seen deeper
than 100 m. Their one main area of overlap was the southern portion
of the Great South Channel. Although both species are copepod
feeders, perhaps they are dividing food resources in a more refined
manner, e.g., different species of copepods. Or alternatively, right

and sei whales may have different efficiencies relative to their
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feeding strategies and behaviors, and hence one species may outcompete
the other, depending on differential prey abundances. Such a

hypothesis has yet to be tested.

No right whale surface feeding sightings were made directly within the
Lease Areas. However, a significant number of surface feeding
sightings were made directly to the west of Areas 42 and 52. The
Great South Channel concentration of feeding right whales is directly

to the northwest of Area 42 and Proposed Area 52.

Breeding: No specific data on the actual breeding activities of right
whales are available. On several occasions, groups of 3 to 9
individuals were observed as part of a larger aggregation consisting
of up to 46 individuals. The individuals within the subgroups were
often engaged in close-contact behavior. Often, one individual would
lie belly up while the associated individuals would mill around and
nudge this central individual, sometimes sliding their chins on its
belly. When the central individual turned dorsal side up to breathe,
rolling, belly-to-belly contact, and occasionally an erect penis were
observed. Intromission was not observed in these situations. This
type of behavior was observed in the Great South Channel area, in the
Bay of Fundy, and on Browns Bank. Kraus and Prescott (1982) also
describe this behavior in summer in the Bay of Fundy, where
intromission was observed on one occasion. It is speculative whether
this behavior is actually successful mating behavior or a behavior

involved with organization of social group structure, or both.

Calves and Juvepiles. During the three year survey period, 17
sightings of right whale calves or juveniles (4% of all right whale
sightings) were reported; Figure 9f shows their distribution. These
sightings were concentrated in shallow coastal waters within the Great

South Channel and between Provincetown and Jeffreys Ledge. Two
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additional calf sightings were reported farther north near the Grand
Manan Banks. Although many adult right whales were found between Cape
Cod and Cape Hatteras, no calves were seen south of Nantucket. Most
of the calf sightings (13) were made during the spring. Calves were
seen only twice during the summer (the two northernmost sightings) and

twice during the fall. No calves were found during winter months.

The relatively high number of calf sightings during the spring may
have been: 1) an artifact of more intensive sighting effort from the
Endangered Species Survey; 2) the result of recent births of calves in
local waters; 3) the result of an influx of calves from other areas;
or 4) a combination of these factors. Although a definite calving
ground for right whales has not been discovered, calves may be born
near Cape Cod during the winter (Watkins and Schevill, pers. comm.,
cited in Goodale, 1982). Winter reports of young calves close to
shore between Florida and Cape Hatteras have led to the suggestion of
a calving ground in southern waters (Winn et al., 1981). The absence
of calf sightings between Cape Hatteras and Nantucket during the CETAP
survey suggests that calves did not migrate from the hypothetical
southern calving grbunds to Cape Cod along the continental shelf. Two
possible explanations were presented (CETAP 1980 Report): 1) calves
migrated from southern to northern waters seaward of the continental
shelf, outside of the CETAP survey area; 2) calves from the south did
not migrate to the north, implying that there are at least two
discrete right whale stocks. Alternatively, the absence of southern
calf sightings may have been an artifact of limited sighting effort

during winter months.

The two summer calf sightings near Grand Manan Banks tentatively
suggest a northerly movement of calves after their first appearance
near Cape Cod in the Spring. This is supported by reports of calves

in the Bay of Fundy during the summer (Kraus and Prescott, 1982).
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Most calves were seen among adult groups of 2-4 animals, although
groups as large as l4 animals were found with calves. Two instances
of apparent nursing were observed during the spring in the Great South

Channel.

Right whale calves were not fouﬁd within Lease Sale Areas 40, 42, 49,

or 59, or within Proposed Lease Sale Area 52.

Areas. The major area of sightings for right whales is the funnel
basin region which is defined as the area comprising the Great South
Channel, bounded on the west by the edge of Nantucket Shoals, and on
the east by the edge of Georges Bank. The area extends northward to a
wider area from the northern tip of Cape Cod due east to Georges Bank.
Large aggregations were seen in this area in spring and early summer.
Browns Bank off Nova Scotia and the Bay of Fundy were major areas of
.concentration for right whales in the summer and early fall. A
smaller comcentration of right whales was seen on the northern edge of
Georges Bank in the spring and fall. These major areas are
illustrated in Figure 9b, which has been adjusted for effort. In
general, right whales were observed close to shore in the area south
of Cape Cod but this may represent only-a small proportion of the
population. The distribution then tends to spread along the coast
north of Cape Cod, as well as along the northern edge of Georges Bank,

to the northern summering areas.
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POPULATION ESTIMATES AND STATUS

Population Estimates. Seasonal estimates of the average density,
variance of the density, abundance, and 95% confidence interval about
the mean are presented in Table 7a for the regions defined in the
study area. These estimates are based on the combined data for all
three years of sampling. ‘The estimates for selected regions are shown
graphically in Figure 9g. The peak average abundance estimate for
right whales in the Study Area was 380 (+/- 688) and occurred in the
spring. The maximum point abundance estimate for this species was 493
(+/- 1100) in sampling block P, stratum z during April 1981. These
estimates are adjusted for diving behavior using the shipboard
behavioral data collected in 1980 and 198l1. The estimates may be
positively biased if the proportion of time an average individual ,
right whale was observed from shipboard is not representative of pods

sampled from aircraft.

Conservatively, based on analysis of aerial photos, a minimum of 50
individuals can definitely be reidentified in the future on the basis
of the callosity patterns. Aerial sightings were made of an
additional 35 individuals, which may possibly be re-identified in the
future. Combining these data, 2 minimum of 85 individuals have been

identified through aerial observations.

Analysis of the shipboard photos has resulted tentatively in a minimum
of 47 individuals which can definitely be re-identified on the basis
of the callosity pattern, plus an additional 20 possibly
reidentifiable individuals. Conservatively, a minimum of 67
individuals have been identified through shipboard observations (To
date no shipboard sampling effort has been undertaken by CETAP in the
Browns Bank region nor the Bay of Fundy). To date no adequate method
of comparing shipboard photos with aerial photos has been |

established.
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ENVIRONMENTAL DATA

Water Temperature (°C). Water temperatures were available for 134

sightings of this species. The average water temperature for right

whale sightings was 9.4°C, the coolest found for all baleen species;

the mode was 8.0 with a range from 4.0 to 18.0°C.

Depth (m). The average depth for right whale sightings was 140m, with
a mode of 128, and a range from 5 to 2377m. This mean depth was the

third deepest found for all baleen whales,

BEHAVIOR

Associations. E,glacialis was observed with one or more of 7 cetacean
species in 14% of sightings. M.novaeanagliae, B.physalus, and
L.acutus were the primary‘species involved. Associations among these
species numbered 19, 18 and 15 occasions respectively and totaled 64%
of all right whale associations. On an additional 19 occasioms (24%
of total) right whales were reported with an unidentified species of
whale or dolphin. Only incidental occurrences with four other species

vere recorded (for details, refer to Table 30).

A frequent association, not reported for the CETAP study area, has
been reported by Wursig and Wursig (1979) between E.glacialis and
I.truncatus in the waters off Argentina. The description of the

behavior of both species provided by the authors, e.g., rapid swimming
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back and forth before the whale and bowriding by the dolphins and
surging, lunging and “snorting” by the whale, essentially duplicates
that recorded by CETAP observers between E,glacialis and L.acutus,
. with calves of both species present, in the Great South Channel area.
Wursig and Wursig concluded, in their instance, that the association
appeared to be play, which suggests that not all associations are

necessarily feeding oriented.

Migration and Movement. A model (scheme) of the annual activity cycle

of right whales in the Western North Atlantic is presented in detail
as Special Topic A in this report. Each model component may be
treated as a hypothesis with varying levels of testing and confidence.
The various phases of right whale annual activities may be summarized
as follows: a wintering period off Georgia-Florida followed by a
migration to the Great South Channel area where some individuals stop
to feed for several months. These individuals then migrate in
‘June-July to the Bay of Fundy and Browns Bank area where they stay
until October. A long migration without extended stops then occurs

from October to January to the Georgia-Florida area.

Based on bonnet pattern analysis, resightings of individual animals
over 30 miles apart have been tentatively determined. Eight
individuals have been resighted within a calendar year. Four animals
moved from the Great South Channel area in the springtime to the Bay
of Fundy in the summer, and two went to Browns Bank. No connection
has been made between Browns Bank and the Bay of Fundy at this time.
More comparisons must be made. One animal went southward for 50 miles
before going to Browns Bank. Ten animals were resighted between
calendar years again showing a movement between the Great South
Channel and the Bay of Fundy plus Browns Bank. Also, connections

between areas intermediate to the above places and the Great South
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Channel are demonstrated. Details of these resightings are provided

in Tables 7b and 7c¢; and are shown plotted in Figures 9h and 9i.

Respiration and Dive Times. A total of 37.7 hours of observations of
the surface and diving behavior of 31 individual right whales were
recorded from the R/V Tioga during May 1980 and May 1981. The
duration of single surface behavioral acts ranged from 1 sec to 10.8
min, with a median value of 7.0 sec. Dives ranged in length from 1
sec to 15.8 min, with a median of l4.4 sec. The median length of
surface activity bouts was 2.55 min. This value was significantly
longer than the medians for both fin and humpback whales. The median
inter-bout dive duration was 5.38 min, again significantly longér than
the medians for both fin and humpback whales. Right whales spent a
median of 34% of their total time budget engaged in surface activity
bouts, which was significantly greater than the percentages for fin
whales and humpback whales. The median respiration rate observed was
65/h, which was not significantly different from either the fin or
humpback whale value. Similar sets of values were calculated and
compared for various social categories of right whales, including
solitary whales, whales in pairs or trios, calves; and cows
accompanying calves. No significant differences among the social
categories were found for surface activity bout duration, percentage
of total time spent in surface activity, or respiration rate. For
inter-bout dive duration, the median for solitary individuals (7.09
min) was significantly longer than the medians for calves, cows, and
pair/trio members (1.88, 1.92, and 3.92 min, respectively). (See

Special Topic D, this report).
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Figure 9a. All sightings of the right whale, Eubalaena glacialis, for

the 39 month period -- 1 November 1978 through 28 January 1982.
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The sighting distribution of E, glacialis by season.
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Figure 9d. The relative abundance of E. glacialis by season. Values
plotted are the number of individuals per unit effort for each 10'
quadrat within the study area after application of a binomial
smoothing function. Note that the plot scale differs between seasons
and must be taken into consideration when interpreting these data.
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Figure 9f. Sightings of calves or juveniles of E. glacialis. Single
and widely separated observations are denoted by a number indicating
the season in which the sighting ocurred (1 = spring, 2 = summer, 3 =
fall, 4 = winter), plotted at the sighting location. Where several
observations are concentrated in an area, the area has been enclosed
by a lined region and the seasons of the included observations are
shown on the adjoining line.
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for all defined regioms are given in the following table.
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Table 7. Average density (individuals/kmz), variance of the density
estimated number, and 95% confidence interval by defined
S, corrected

region and season for

for diving behavior.

S Gn e m e e e G en Gn G Gn e e v A o e - " o e Gn 2 S Gm G M SR Ge AR B T e e TR Cm mm v S Gm G e e e e e v - v . em -

- - - -~ - " " o~ - - — e = Gy = - - - -

e = - - - A T - - - - G Wn G S e e Ah G b G A - - e A S A W e S G . o e e e e e e O e e

GULF OF MAINE
GEORGES EBANK
<50 ;ATHOMS
>50 FATHOMS
L#ASE SALE 52
MID-ATLANTIC
NEAR SHORE
MID=-SHELF
NEW YORK‘BIGHT

SHELF EDGE

CONTINENTAL SLOPE

*

I+

A

.

*

5.20E-03
1.24E-03
191
643

0.00E+00
0.00E+08

0.00E+00
0.00E+08

0

0.00E+00
0.00E+08

0

0.00E+Q0
0.00E+08

0

0.00E+00

1+

0.00E+00Q
0

SEASON
SUMMER FALL
2.61E~-03 0.00E+00
1.99E-04 0.00E+QQ
188 0
+ 463 + 0
0.00E+00 0.00E+0Q0
0.00E+00 0.00E+00
0 0
had 0 * 0
0.00E+00 0.00E+Q0
0.00E+00 0.00E+00
0 0
+ 0 + 0
0.00E+00 0.00E+0Q0
0.00E+00 0.00E+00
0 0
+ 0 * 0
0.00E+00 0.00E+0Q0
0.00E+00 0.00E+00
0 0
+ 0 + 0
0.00E+00 0.00E+00
0.00E+08 0.00E+08
+ 0 + 0
0.00E+00 0.00E+00
0.00E+Q0 0.00E+00
0 0
* 0 * 0
0.00E+0Q0 0.00E+00
0.00E+0Q0 0.00E+00
0 0
+ 0 + 0
0.00E+00 0.00E+00
0.00E+00 0.00E+0Q0
0 0
+ 0 * 0
0.00E+00 0.00E+00
0.00E+00 0.00E+00Q
0 0
+ 0 * 0
0.00E+Q0 .
0.00E+08 .
+ 0+ )
148 0
+ 344 + 0

-+

*

x

*

*

*

*

x

1+

0.00E+0Q0
0.00E+00

0
* 0

0.00E+00
0.00E+00Q

o OO

0.00E+0
0.00E+00

oo

0.00E+00
0.00E+08

o

0.00E+00

- 0.00E+00
0

0

0.00E+00
0.00E+08

0

0.00E+00
0.00E+08

0

0.00E+00
0.00E+08

0

0.00E+00
0.00E+08

0

0.00E+00
0.00E+08

0

- - ———— D - —_—— - e - - = = o= - = - S G e WD O W S S S e G5 G S e Oe G . - - o

*Study area OCS does not include the slope water regioms.

75



44 0C

42 0C

Figure 9h. Resightings within the same calendar
right whales based on bonnet pattern analyses.

76

year of individual



44 QO

42 00

45 CQ

-70 GQ -68 (G -66 CGJ

Figure 9i. Resightings between calendar years of individual right
whales based on bonnet pattern analyses.
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Table 7b. Resightings within the same calendar year of individual
right whales based on bonnet pattern analyses. Confidence codes: 1 =
sure, 2 = probable. Distance in miles.

CONFIDENCE DAYS
CODE

DATE POSITION APART  DIST
18 Apr 1980 40°14.4' X 69°02.5"
1 18 86
6 May 1980 41006.2' X 67053.7" '
9 May 1981 41022.9' X 68052.0"
1 109 237
26 Aug 1981 44032.5' X 66929.2"'
21 May 1981 41018.1' X 69203.7"
2 100 256
29 Aug 1981 44032,1" X 66°17.1"
21 May 1981 41017.3' X 69003.3"
2 100 162
29 Aug 1981 44037.7' X 66022.9! ~
2 Apr 1980 41011.9' X 69021.8"
2 17 50
19 Apr 1980 40024.5' X 69008.8"
2 121 261
19 Aug 1980 42050.4" X 65032.6"
10 May 1981* 41014.5' X 68°59.3"
1 108 255
26 Aug 1981 44034,2' X 66230.7"
4 May 1980 41917.5' X 68955.5" .
1 107 222
19 Aug 1980 42650.4 X 65032.6°'

* same animal also seen on 10 June 1979 (Table 7¢)
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TIable 7c. Resightings between calendar years of individual right
whales based on bonnet pattern analyses. Confidence codes: 1 = sure,

79

2 = probable. Distance in miles.
CONFIDENCE DAYS

DATE POSITION CODE APART  DIST

31 May 1980 42028,2' X 67924.1"
) 356 121

2] May 1981 41018.1% X 69903.1"

23 Aug 1980 42055,0' X 65027.8!
271 280

21 May 1981 . 41918,9' X 69905.0°

13 Jun 1980 42039.9% X 67037,.1°
331 108

9 May 1981 419022.9% X 68052.07

10 Jun 1979 41017,1% X 7015.5°¢
700 76

10 May 1981 41014.5" X 68059,3°

" 19 Aug 1980 42050.4% X 65¢32.6°
275 233

21 May 19811 41018.0'" X 69°04,0°

23 Aug 1980 42055.0' X 65027.8"
265 231

14 May 1981 41016.3% X 68¢56.2°

14 Jun 1979 41017.1% X 70015.5°
' 430 237

18 Aug 1980 44033 .,4% X 66026.,3"

28 Mar 1980 40059.6' X 70015.4"
412 81

21 May 1981 41218.0" X 69003.0°

29 May 1980 4121.4% X 69012.7"
v 346 21

10 May 1981 41037.8" X 69025.4°
30 May 1980 419020.9' X 69905.8" 355 16

20 May 1981 41008,5" X 68055.6"
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Me ngli - Humpback whale - Endangered Species

INTRODUCTION

1981 Data. The 198l data were conmsistent with the results previously

reported in 1979 and 1980. The sections below describe the cumulative
results.

Eumhﬁx_gf_ﬁighiingi- M, novaeangliae was the the second most commonly
sighted large whale in the study area. The 1026 sightings of 2793
individuals accounted for 23% of the large whale sightings and 257 of

the baleen whale sightings during the 3 year survey period.

Individuals per Sightipg. The average number of individuals per
sighting was 2.7, with a mode of 1, and a range from 1 to 27. This
small group size was typical of all baleen whales, and for the most

part, large whales.

SPATIAL AND TEMPORAL DISTRIBUTIONS

Geperal Distribution. The distribution of the humpback whale is shown
in Figures 10a-b. For the most part, humpback sightings are
restricted to the northern half of the study area. During the 39
months of surveys, only 6 sightings, for a total of 7 individual
humpback whales occurred south of 40°N iatitude: 1 in fall, 2 in
spring, and 3 in winter. Within the northern portion of the study

area, humpback sightings tend to concentrate in a relatively narrow
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band along the western Gulf of Maine between latitudes 41 and 43eN.
Other, less dense concentrations of sightings occurred east and
southeast of Montauk Point, Long Island, along the northwestern flank
of Georges Bank, and in the northern Gulf of Maine near the mouth of

the Bay of Fundy.

The seasonal distribution pattern can be seen in Figures 10c-d. 1In
general, the humpback whale occurs over the northeast U.S. OCS on a
three-season basis, from spring through fall. Only 10 winter
sightings were reported during the entire survey period. This
corresponds to the time of year when much of the western North
Atlantic humpback population is found in the Caribbean area (Balcomb
and Nichols, 1978; Clark, 1957; Katona et al., 1980; Winn et al.,
1975). During the remaining three seasons, the distributiomal pattern
remains relatively constant, with only small differences between
seasons. During the summer there are relatively more sightings in the
northern Gulf of Maine/Bay of Fundy area than during spring or fall,
while in the fall, sightings from Nantucket Shoals westward to Long

Island are largely absent.

Feeding. Occurrences of surface feedings mirrored the major
concentrations of humpback whale sightings and cowmprised 13% of the
total sightings. The majority of feeding sightings occurred along a
corridor stretching from the northern portion of the Great South
Channel along the 100 m contour eastward of Nantucket Shoals, and
continuing inside the 100 m contour to Jeffreys Ledge (Fig. 10e). A
second area of numerous feeding sightings was located east of Montauk
Point. No feeding sightings were made over the deeper interior
portions of the Gulf of Maine, although general sightings indicate
humpbacks are commonly found along the shallower inshore areas. Some
88% of surface feeding sightings occurred during spring and summer

periods.
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Based on shipboard observations, a particularly important food item
for humpbacks appears to be the sand lance, Ammodytes sp. This is in
agreement with Overholtz and Nicolas (1979) and Hain et al. (1982),
who observed feeding humpbacks in association with dense schools of
sand lance. It is of interest to note that Sherman et al. (1981)
reported Ammodytes spp. comprised some 947% of ichthyoplankton on
Georges Bank in the years 1976-79.

There were no surface feeding sightings directly within any of the
existing or proposed Lease Areas. However, there were several general
sightings in Lease Areas, particularly Proposed Area 52 and Area 42.
Since these areas are regions of high productivity (O'Reilly and
Busch, 1982), and high Ammodytes spp. abundance (Sherman et al.,
1981), it is possible that feeding by humpbacks does occur within the
Lease Areas mentioned above. It is also important to note that the
Great South Channel, with its demonstrated importance to humpback

feeding, lies directly to the northwest of Areas 42 and Proposed Area
52,

Calves and Juvepiles. During the three year survey period, 110
sightings of humpback whale calves or juveniles were reported. Figure
10f shows their distribution. All of these sightings were found
between Long Island and the Bay of Fundy; most were concentrated in
coastal waters surrounding Cape Cod. The number of calf sightings
reached a peak during spring months (50 sightings) and the
distribution during that time was restricted to the area between
Jeffreys Ledge and Long Island. Calf sightings were almost as
numerous during the summer seasons (41 sightings). During this season
calves were seen farther north off the coast of Maine and in the Bay
of Fundy. During the fall months, there were fewer calf sightings (19
sightings), which were restricted almost exclusively to Stellwagen

Bank. No calves were seen during the winter months.
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The spatial and temporal distribution patterns of humpback whale
calves generally mifrored those of the population as a whole. Goodale
(1982) found that the geographic distributions of calves and other age
classes did not differ statistically, however the average water depth
for humpback calf sightings was significantly lower than that for

other age classes (23.1 m difference, p<0.01).

Humpback calves were genmerally associated with small groups of 2-3
animals, but in some cases calves were found among adult groups
numbering as many as 20 animals. Six instances of apparent nursing
were reported; five of these occurred during the spring near
Stellwagen Bank, and one occurred during the summer in the Bay of

Fundy.

No sightings of humpback calves were reported from BLM Lease Sale
Areas 40, 42, 49, or 59, or from Proposed Lease Sale Area 52.

Areas. The Great South Channel, the Provincetown Slope, Stellwagen
Bank, and Jeffreys Ledge, all in the western Gulf of Maine, were the
locations of major concentrations of humpback whales during spring,
summer, and fall seasons. These areas correspond to the distribution
of dense populations of sand lance (Ammodytes americanus) (Meyer et
al., 1979). It seems probable that humpback distribution in the Gulf

of Maine is determined primarily by prey availability.

One humpback whale was sighted in March 1979 in Lease Sale Area 59;
none were reported from Areas 40 or 49. Five sightings were reported
from proposed Lease Sale Area 52: in May 1979, August 1979, April
1980, August 1980, and May 198l. The last three of these also fall
within Area 42. The area of dense concentration of humpback sightings
in the Great South Channel extends to within 70 km of proposed Lease
Sale Area 52.
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POPULATION ESTIMATES AND STATUS

Population Fstimates. Seasonal estimates of the average demsity,
variance of the density, abundance, and 95% confidence interval about
the mean are presented in Table 8 for the regions defined in the study
area. These estimates are based on the combined data\for all three
years of sampling. The estimates for selected regioms are shown
graphically in Figure 10g. The peak average abundance estimate for
humpback whales in the Study Area was 658 (+/590) and occurred during
spring. The maximum point estimate of abundance for this species was
760 (+/- 1309) in sampling block A during June 1979. After
post-stratification of the 1979 data, the maximum point abundance
estimate was 827 (+/- 2266) in sampling block A, stratum z, in July
1979. These estimates have been adjusted for animal diving behavior
using the behavioral data collected from shipboard during 1980 and
1981. For a detailed discussion of these data see Special Topic D,
Section IV, this report. The maximum point estimate- represents
approximately 4l1% of the estimated 2000 or more humpbacks that
seasonally inhabit waters in the West Indies (Scott and Winn, 1980)
and represents 70% of the total number of catalogued individuals in

the western North Atlantic (Katona et al., 1980).
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ENVIRONMENTAL DATA

Water Temperature (oC). Water temperatures were available for 153

sightings of this species. The average water temperature for humpback
whale sightings was 10.9°C, the second coolest found for all baleen
whale species; the mode was 8.0 with a range from 4.5 to 21.0°C,
Ninety percent of these sightings occurred in cold to moderately warm
water (6.0 to 18.1°),

Depth (m). The average depth for humpback sightings was 95m, with a
mode of 53, and a range from 4 to 2195m. This mean depth was the
shallowest found for all baleen whales. Ninety percent of all
sightings occurred in a relatively shallow depth range (20 to 174m).
This corresponds well to the inshore distribution of humpbacks,

especially near Cape Cod and Stellwagen Bank.

Non-parametric statistical comparisons between 1979/80 dedicated
aerial humpback sightings and random geographic points showed, despite
a small sample size, some statistical support for the hypothesis that
humpback whales occur preferentially in shallow water (1980 CETAP
Report). Unfortunately, the 198l data could not be added to increase
the sample size due to non-equivalence of the areas sampled. The same
tests also supported, with better significance levels, the hypotheses
that humpbacks are preferentially distributed in waters near shore and

over steeply sloping bottom topography.
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BEHAVIOR

Associations. Multispécies associations involving one or more of 13
cetacean species were reported in 287 of sightings of humpback whales.
B.physalus, L.acutus, and B.acutorostrata, arranged in decreasing
order of occurrence, were the most commonly observed species in these
associations. Individually or in combination, these 3 species
accounted for 59% of humpback whale multispecies sightings with
B.physalus alone accounting for 34% of the total. Of the less
frequently observed species seen with humpback whales, unidentified
dolphins, unidentified whales, and E.glacialis, (in decreasing

frequency) were the most numerous (refer to Table 30, for details).

0f the 289 multispecies sightings involving humpback whales, at least
80 of these occasions or roughly 28% of the total were reported within
areas of feeding-associated activities i.e., the presence of birds,
baitfish, or bubbles. It is also worth noting that calves or
juveniles of M,novaeangliae were observed during 54 of the 289

multispecies sightings for this species.

Migration and Movement., The data provide little direct evidence
concerning humpback migration. Humpback whales are known to follow a
general north-south pattern of migration between tropical breeding
areas and temperate feeding grounds (Clark, 1957; Dawbin, 1966), and
photographic identification of individual whales has firmly
demonstrated the correspondence between Caribbean and Gulf of Maine
humpbacks (Katona et al., 1980; Katona, 1982). The wnotable lack of
sightings in the southern portion of the study area suggests that
whales moving into the Gulf of Maine from their Caribbean winter range
do so in deeper water beyond the edge of the contimental shelf. Winn

and Scott (1979) suggested such an offshore migration route. A
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summary of sightings in the 1979 CETAP Annual Report and entries in
the logbooks of Yankee whaleships (Martin, 1980) both support this

contention.

There is some indication in the sighting data of a movement from the
area of densest sighting concentration in the western Gulf of Maine to
the more northern Gulf and Bay of Fundy area during the summer months.
Eastern Atlantic sand lance (Ammodytes marinus) exhibit a late summer
dormant period, when they largely remain burrowed into the sandy
bottom (Winslade, 1974). Although no corresponding data exist for
western Atlantic Ammodytes, if late summer dormancy does occur, then
the increase in humpback numbers in the northern Gulf of Maine might
represent a dispersal in search of alternate prey when their primary

prey species declines in availability.

Reggi;g;ionAand Dive Times. A total of 45.2 hours of observations of

the surface and diving behavior of 56 individual humpback whales were
recorded from the R/V Tioga during May 1980 and May 198l. The
duration of single surface behavioral acts ranged from 1 sec to 21.7
min, with a median value of 6.0 sec. Dives ranged in length from 1
sec to 10.l min, with a median of 16.0 sec. The median length of
surface activity bouts was 0.69 min. This value was significantly
shorter than the median for right whales, but did not significantly
differ from the fin whale value. The median inter-bout dive duration
was 1.53 min, significantly shorter than the medians for both fim and
right whales. Humpbacks spent a median of 28% of their total time
budget engaged in surface activity bouts, which was significantly
lower than the percentage for right whales, but did not differ from
that for fin whales. The median respiration rate observed was 68/h,
which was not significantly different from either the fin or right
whale value. Similar sets of values were calculated and compared for
various social categories of humpback whales, including solitary

whales, whales in pairs or trios, whales engaged in surface feeding,
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calves, and cows accompanying calves. No significant differences
among the social categories were found for surface activity bout
duration, inter-bout dive duration, or respiration rate. For the
percentage of the total time budget spent in surface activity, the
only significant difference found was between the values for calves
(65%) and solitary individuals (24%). (See Special Topic D, this

volume for detailed treatment.
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Figure 10a. All sightings of the humpback whale, Megaptera
novaeangliae, for the 39 month period -- 1 November 1978 through 28
January 1982.
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Figure 10c.

The sighting distribution of M. _novaeanglige by season.
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Figure 10d. The relative abundance of M. novaeangliae by season.
Values plotted are the number of individuals per unit effort for each
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smoothing function. Note that the plot scale differs between seasons
and must be taken into consideration when interpreting these data.
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Figure 10e. Sightings of feeding or apparent feeding of M,
novaeangliage. Single and widely separated observations are denoted by

2 number indicating the season in which the sighting occurred (1 =
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location. Where several observations were concentrated in an area,
the area has been enclosed by a lined region and the seasons of
included observations are shown on the adjoining line.
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Figure 10f. Sightings of calves or juveniles of M, pnovaeangliae.
Single and widely separated observations are denoted by a number
indicating the season in which the sighting ocurred (1 = spring, 2 =
summer, 3 = fall, 4 = winter), plotted at the sighting location.
Where several observations are comcentrated in an area, the area has
been enclosed by a lined region and the seasons of the included

observations are shown on the adjoining line.

95



44°

42°

4o° _'- :';".;':'

42°

40° ¢

38°

-

36° |
' GEORGES SANK

\yatirer

GEORGES BANK

74°W 70° 66° 74°W 70° 66°

Figure 10g. Estimates of the number of individuals of M.
novaenangliae by season for selected regions. The estimates are
averages based on all samples taken within the given region and season
during the 39 month period -- 1 November 1978 through 28 January 1982.
The complete data for all defined regions are given in the following
table.
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Table 8. Average density (individdals/kmz), variance of the density
estimated number, and 95% confidence interval by defined
region and season for Megaptera novaeangliae, corrected

for diving behavior.
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SEASON
REGION SPRING SUMMER FALL
GULF OF MAINE 7.70E-03 4.75E-03 8 .43E~04
5.81E-04 7.99E-04 2.37E-05
555 343 61
+ 734 + 927 + 194
GEORGES BANK 2.11E-03 1.07E-03 3.46E-03
1.00E-04 5.79E-05 1.41E-04
146 74 239
+ 229 + 200 + 630
<50 FATHOMS 3.00E-03 0.00E+00 0.00E+00Q
: 1.255-8§ o.ooz+08 0.00E+00
+ 185 + 0 + 0
>50 FATHOMS 1.14E-03 2.30E-03 6.11E-03
7.37E-05 1.25E-04 2 49E~04
42 85 224
+ 157 + 227 + 718
LEASE SALE 52 0.00E+00 0.00E+00 0.00E+00
0.00E+08 0.00E+08 o.ooz+08
+ 0 = 0 + 0
MID-ATLANTIC 4 .98E-04 0.00E+00 0.00E+00
1.16E-05 0.00E+00  0.00E+00
' 68 0 0
+ 113 + 0 + 0
NEAR SHORE 0.00E+00 0.00E+00 0.00E+00
o.ooz+08 0.003+08 0.003+08
+ 0 x 0 + 0
MID-SHELF 1.14E-03 0.00E+00 0.00E+00
2.66E-05 0.00E+00 0.00E+00
60 0 0
+ 117 + 0 + 0
NEW YORK BIGHT 0.00E+00 0.00E+0Q0 0.00E+00
, 0.003+08 0.003+08 0.00E+08
. + 0 = 0+ 0
SHELF EDGE 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00
0 0 0
* 0 + 0 * 0
CONTINENTAL SLOPE 0.00E+00 0.00E+00 .
0.005+08 \ o.ooz+08 .
+ 0 * 0 + .
STUDY AREA OCS* 658 351 175
+ 590 + 723 + 322
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*Study area OCS does not include the slope water regiouns.

97

- S wn a w o on w

- on o e o o o

- am e e oy e o we

0.00E+00
0.00E+08

x 0

0.00E+Q0
0.00E+08

* 0

0.00E+00
0.00E+08

* 0

0.00E+0Q
0.00E+08

* 0

0.00E+00
0.00E+08

* 0

0.00E+Q0
0.00E+08

* 0

0.00E+00
0.00E+00Q
0

* 0
0.00E+00
0.00E+08
+ 0

0.00E+00
0.00E+08
+ 0

0.00E+00
0.00E+08

* 0

- e e o -

@ s wn o -



THIS PAGE INTENTIONALLY LEFT BLANK

98



Balaenoptera physalus - Fin whale - Endangered Species

INTRODUCTION

1981 Data. The 1981 data were consistent with the results previously
reported in 1979 and 1980. The sections below describe the cumulative

results for all years.

Number of Sightings. B. physalus was the most commonly sighted large
whale 1n the study area. The 2047 sightings of 5875 individuals

accounted for 47% of the large whale sightings and 51% of the baleen
whale sightings during the 3 year survey period. These sighting
percentages are slightly lower than those calculated by Mitchell
(1974) from results of surveys in 1966-71, which showed that finm
whales comprised approximately 58% of all whales sighted over the

continental shelf between 57¢N (Labrador) and 42°N (Cape Cod).

divid Si ing. The average number of individuals per
sighting was 2.9, with a mode of 1, and a range from 1l to 65. This
small group size was characteristic of all baleen whales, and for the

most part, large whales.

Preceding page blank
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SPATIAL AND TEMPORAL DISTRIBUTIONS

General Distribution. The fin whale is commonly and widely distributed
both spatially and temporaily over the northeastern U.S. O0CS (Figures

l1la-d). Spatially, the species occurs in nearly all areas of the 0CS,
but tends to occupy the shelf proper rather than the shelf edge - a
characteristic it shares with the other baleen whales. The species is
present in most areas on a four season or year-round basis, with the
probable exception of the northern Gulf of Maine in the winter and

early spring.

The seasonal fluctuation in number of sightings seen in many other
cetacean species 18 also evident in fin whales, and to much the same
degree. The number of sightings ranges from 51 in winter (2% of total
sightings) to 1023 in spring (50% of total sightings). However, when
a correction for a similarly varying sighting effort is made, as in
Figures llc-d, the relative abundance of fin whales across the seasons
is seen to be somewhat more uniform. This conclusion was advanced in
the 1980 CETAP Annual Report and is supported by the cumulative 3 year
data. Particularly noteworthy is the presence of fin whales in the
Cape Ann to Cape Cod area, and around Georges Bank, through the winter
season at relative abundance levels comparable to other seasons. The
areas of Jeffreys Ledge, Stellwagen Bank, and immediately east of Cape
Cod are distinctive, however, and clearly experience an increase in
fin whale abundance in the spring and summer seasons. The cumulative
data also bear out an additional observation from the 1980 CETAP
Annual Report. That is, the relative abundance levels are increased
in winter and spring in the area east of the Delaware Peninsula and
the mouth of the Delmarva Bay. Based on these data, it is
hypothesized that, while fin whales are present in this area year

round, it is‘particularly important as a winter and spring habitat.
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Feeding. Sightings of surface feeding fin whales were spread
throughout the study area, as were the general sightings, and
comprised 14% of the total sightings. There were two distinct areas
of heavy feeding, mirroring the heaviest concentrations of general fin
whale sightings (Fig. lle). The largest major feeding area was the
corridor reaching from the Great South Channel to Jeffreys Ledge,
centered primarily along the 100 m contour, but extending into both
shallower and deeper waters.. The second major area of feeding
sightings was directly east of Montauk Point. Feeding sightings were
made as far north as the Bay of Fundy, and as far south as

approximately 37°30' N, off the Delmarva peninsula.

Eighty-nine percent of the feeding sightings were made during spring
and summer. Although the two major areas described above were
represented in both time periods, the number of sightings decreased in
the Great South Channel and increased off Montauk Point during the
summer. The fewer feeding sightings in the Great South

~ Channel/Georges Bank region during summer may reflect a movement in
dominant prey items of the fin whale, particularly Ammodytes &pp.. due
perhaps to drift patterns associated with summer currents. The summer
surface flow pattern 6n Georges Bank is clockwise, with the westerly
flow over the southern portion of Georges Bank drifting across the
Great South Channel (Bumpus, 1976). Such a drift could, in fact,
redistribute segments of the Georges Bank plankton and ichthyoplankton
community to the west, i.e., towards Southern New England waters and
Long Island. Data collected on herring larvae show just such a drift
pattern, although the herring data was collected in late fall/early
winter months, presumably before ihe winter breakdown of the clockwise

gyre (Bumpus, 1976).

Fin whales are euryphagous in the Northern Hemisphere, feeding on |
euphausids, copepods, and schooling fishes, depending om their
respective availability (Mitchell, 1974). In our study area,

schooling fishes appear to be the primary diet item (Katona et al.,
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1978; Watkins and Schevill, 1979; Overholtz and Nicolas, 1979). 1In
previous years herring (Clupea harepgus) was probably the major diet
item, but given the recent decline in herring (Sherman et al., 1981),
sand lance may now be the dominant food item for fin whales in the
study area. Also, our observatioms include only surface feeding and
thus it must be supposed that feeding occurs at other times and places

than can be shown only with surface feeding observatioms.

There were several feeding sightings within the Lease Areas, including
Areas 40, 49, 59, 42, and Proposed Area 52. This is in agreement with
the numerous general sightings within the Lease Areas. Also of
importance is the concentration of feeding sightings in the Great

South Channel to the northwest of Area 42 and Proposed Area 52,

Calves and Juveniles. During the three year survey period, 100

sightings of fin whale calves or juveniles were reported (Figure 11f).
Calves were found mostly in shallow coastal waters with sighting
concentrations along Stellwagen Bank and near the Great South Channel.
Aithough fin whale adults were sighted from Cape Hatteras to the Bay
of Fundy, calves were found only from Maryland to-Jeffreys Ledge.

Calf sightings were distributed throughout this latitudinal range
during the spring (59 sightings) and summer (29 sightings). The 9
calf sightings reported during the fall were restricted to the area
around Cape Cod. Only 3 sightings were found during the winter (1 on
Stellwagen Bank and 2 east of New Jersey along the continental

shelf).

Fin whales are probably born during winter (Mitchell, 1974); the peak
of calf sightings found during spring months may be due to the birth
of animals just prior to that time. Alternatively, the observed
concentration of calves near Cape Cod, especially during the spring,
may be an artifact of the intensive sighting effort which resulted

from the Endangered Species Surveys. The absence of calf sightings

102



north of Jeffreys Ledge during the summer is surprising since Kraus
and Prescott (1981) found fin calves in the Bay of Fundy during July
and August. The consistency and relatively wide range in the
latitudinal distribution of sightings during spring and summer suggest
either that calves are born at many different locations or that they

disperse widely after parturition.

Fin calves were found mostly among small adult groups of 2-4 animals,
although groups as large as 20 animals were seen with calves. Goodale
(1982) found that the average seawater temperature was significantly
warmer for calf sightings than for non-calf sightings (1.9°C
difference: p=<0.05). Since the proportion of calf to total sightings
remained relatively'constant throughout the year, this tentatively
suggests a discontinuity in finback distribution between calf and

non-calf groups.

During the gpring. one calf sighting was found within BLM Lease Sale
Areas 40, 49, and 59. During each of the four seasons, one or two
calf sightings were found within Propoéed Lease Sale Area 52. No

calves were found within Lease Sale Area 42.

Areas. In the mid-Atlantic, the fin whale occurs commonly and is
widespread in Lease Sale Areas 40, 49, and 59. To date, this
occurrence is almost completely limited to the spring and summer, with
only two wintertime occurrences in, or at the boundary of, the west
central portion of Areas 40 and 49. In the North Atlantic, the finm
whale is again common and widespread throughout Lease Sale Area 42 and
Proposed Lease Sale 52. When the correction for sighting effort 1is
made, this occurrence is at relatively uniform abundance levels over
all seasons.x The fin whale and sperm whale are the most common

cetaceans found in Proposed Lease Sale Area 52.
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POPULATION ESTIMATES AND STATUS

Population Fstimates. Seasonal estimates of the average density,

variance of thé_density, abundance, and 95% confidence interval about
the mean are presented in Table 9 for the regions defined in the study
area. These estimates are based on the combined data for all three
years of sampling. The estimates for selected regions are shown
graphically in Figure llg. The peak average abundance estimate of fin
whales in the Study Area was 5423 (+/- 3141) and occurred during the
spring. The maximum point estimate of fin whale abundance was 6043
(#/- 70497) in sampling block A during Jume 1979. After
post-stratification of the 1979 data, the maximum point abundance
estimate was 4764 (no CI) in sampling block A, stratum y, in June
1979. These estimates have been adjusted for diving behavior based on
the behavioral samples taken from shipboard im 1980 and 198l. Both
the maximum point estimates and the peak average abundance estimate
for the Study Area exceed the estimate of 2000 individuals presented

by Sergeant (1977) for the Nova Scotia management stock.

M o) ic A sis. A morphometric analysis of fin whales seen
within the CETAP study area used vertical aerial photography to record
whale images for later photogrammetric measurement. Allometric growth
curvés and length frequency distributions were developed for the
sampled finbacks which, togéther with age/length.keys, enabled
estimation of population parameters such as annual calf production
rate (.07 to .38) and annual reproductive rate (.28 to .55). Several
relative age distributions created from photogrammetric data using
age/length keys were examined. A simple box model relatidg
immigration, calf production, emigration and total mortality suggested
that no strong departure from stability in numbers can be discerned
for the fin whale population in the study area. For a complete

analysis see the CETAP 1980 Annual Report.
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ENVIRONMENTAL DATA

Water Temperature (°C). Water temperatures were available for 475
sightings of this species. The average water temperature for fim
whale sightings was 12.8°C, the warmest found for all baleen whales;
the mode was 8.0, with a range from 1.3 to 25.8°C. Ninety percent of
all sightings were found in a wide water temperature range (6.0 to

22.6°C). This may be explained by the wide latitudinal range of fin
whale sightings.

Depth (m). The average depth for fim whale sightings wa; 149m, the
second deepest found for all baleen whales: the mode was 55, with a
range from 4 to 291lm. Ninety percent of all sightings were found in
a relatively shallow depth range (27 to 256m). This corresponds well
to the concentration of fin whales in coastal waters and over the

continental shelf.

BEHAVIOR
Associations. Multispecies cetacean aggregations were reported for
18% (369 occasions) of all fin whale sightings. M.novaeangliae was

the most common species seen in association with fin whales, but
frequent observations with L.acutus and B.,acutorostrata were also
reported (for details, refer to Table 30, page 418). Alone and in
combination, these 3 species accounted for 63% of all fin whale

associations. Additionally, 40% of all fin whale multispecies
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sightings (149 occasiqns) occurred in areas of inferred feeding
activity as determined by the presence of fish, birds, and actual
feeding observations. At least 2 other large whale species including
E.glacialis and at least 6 small whales including P,phocoena,

G.griseus, D.delphis, and I,trupcatus were less frequently observed in
association with B,physalus as noted in Table 30.

Migration and Movement. The data suggest at least one migratiom
pattern for the fin whale. The high levels of winter/spring abundance
off the Delmarva Peninsula decrease at the same time as abundance
levels in several locations in New England waters increase to high
summer/fall levels. This may reflect a general northward shift of a
portion of the population in the spring, and a southward return in the
fall. While evidence for migrations in other areas is lacking, it is
important to note that the regions which appear to contain a
relatively constant number of fin whales year-round may not always be
occupied by the same individuals. A relatively static abundance may
overlie a condition of dynamic immigration and emigration, and while
the number of fin whales in a given region remains relatively
constant, there may be an exchange of individuals taking place. To

what degree this occurs, or if it occurs, is presently mot known.

In Canadian and Icelandic waters, conventional tagging as well as more
recent radio-tagging studies have shown that at least some individual
fin whales undergo lengthy migrations or movements (Mitchell, 1974;
Ray et al., 1978; Watkins, 1981). However, smaller or more localized
movements may be more the norm (Mitchell, 1974; Sergeant, 1977). No

comparable data are available for the CETAP study area.
In summary, the present CETAP data suggest a possible north-south

shift superimposed upon an overall, uniform level of continental shelf

occupation which itself may be dynamic in nature.
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Respiration and Dive Times. A total of 19.7 hours of cbservations of

the surface and diving behavior of 24 individual fin whales were
recorded from the R/V Tioga during May 1980 and May 198l. The
duration of single surface behavioral acts ranged from 1 sec to 1.l
min, with a median value of 5.0 sec. Dives ranged in length from 1
sec to 8.9 min, with a median of 13.0 sec. The median length of
surface activity bouts was 0.86 min. This value was significantly
shorter than the median for right whales, but did not significantly
differ from the humpback whale value. The median inter-bout dive
duration was 2.38 min, significantly shorter than the median for right
whales, but longer than that for humpbacks. Fin whales spent a median
of 25% of their total time budget engaged in surface activity bouts,
which was significantly lower than the percentage for right whales,
but did not differ from the humpback percentage. The median
respiration rate observed was 70/h, which was not significantly
different from either the humpback or right whale value. Only
solitary fin whales were sampled successfully, so no comparisons among
social categories were possible. (See Special Topic D, this volume

for detailed treatment).
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Figure lla.

All sightings of the fin whale, Ralaenoptera
physalus, for the 39 month period -- 1 November 1978 through 28
January 1982.
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Figure l1lb. The relative abundance of B. phyvsalus for the 39 month
period -~ 1 November 1978 through 28 January 1982. Values plotted are
the number of individuals per unit effort for each 10' quadrat within
the study area after application of a binomial smoothing function.
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Figure 11d. The relative abundance of B. physalus by season. Values
plotted are the number of individuals per unit effort for each 10!
quadrat within the study area after application of a binomial
smoothing function. Note that the plot scale differs between seasons
and must be taken into conmsideration when interpreting these data.
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Figure lle. Sightings of feeding or apparent feeding of B, physalus.
Single and widely separated observations are denoted by a numbex
indicating the season in which the sighting occurred (1 = spring, 2 =
summer, 3 = fall, 4 = winter), plotted at the sighting location.

Where several observations were concentrated in ap area, the area has

been enclosed by a lined region and the seasons of included
observations are shown on the adjoining line.
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Sightings of calves or juverniles of B, physalus.
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Single

and widely separated observations are denoted by a number indicating
the season in which the sighting ocurred (1 = spring, 2 = summer, 3 =

fall, 4 = winter), plotted at the sighting location.

Where several

observations are concentrated in an area, the area has been enclosed
by a lined region and the seasons of the included observations are

shown on the adjoining line.
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Figure llg. Estimates of the number of individuals of B. physalus by
season for selected regions. The estimates are averages based on all
samples taken within the given region and season during the 39 month
period -- 1 November 1978 through 28 January 1982. The complete data
for all defined regions are given in the following table. ‘
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Table 9. Average density (individuals/km?), variance of the density
estimated number, and 957% confidence interval by defined
region and season for Balaenoptera physalus, corrected
for diving behavior.

, SEASON
REGION SPRING SUMMER FALL WINTER

GULF OF MAINE 3.87E-02 2.31E-02 9.89E-03 0.00E+0Q0
5.88E-03 4 .89E-03 3.18E-03 0.00E+00
2788 1662 713 ’ 0
+ 2335 * 2294 x 2251 * 0
GEORGES BANK 2.47E-02 1.27E-02 2.99E-03 2,74E-03
9.00E-03 4,21E-03 3.51E-04 1.86E-04
170 874 206 189
+ 2169 + 1703 + 994 d 398
<50 FATHOMS 1.09E-02 0.00E+00 0.00E+Q0 2,15E-03
1.68E-03 0.00E+00 0.00E+00 1.63E-04
354 0 0 69
* 682 * 0 * 0 bt 295
>50 FATHOMS 4.00E-02 2.73E-02 5.27E-03 5.12E-03
1.71E-02 9.06E-03 6.19E-04 3.31E-04
1467 1000 193 188
+ 2386 + 1934 * 1133 + 449
LEASE SALE 52 7.59E-03 1.68E-02 0.00E+00 3.73E-03
1.17E-03 1.86E-03 0.00E+00 2.78E-04
212 468 0 104
+ 491 + 727 * 0 + 257
MID-ATLANTIC 9.65E-03 1.23E-02 3.21E-03 7.02E-03
1.06E-03 1.31E-03 3.18E-04 6.68E-04
1325 1682 440 964
+ 1076 + 1353 + 731 + 898
NEAR SHORE 3.04E-03 2.02E-03 5.78E-03 1.65E-03
4 .08E-04 2.16E-04 6.09E-04 1.59E-04
124 83 . 236 67
+ 356 + 308 * 557 + 234
MID-SHELF 1.51E~02 1.67E-02 0.00E+00 1.28E-02
1.53E-03 1.58E-03 0.00E+00 1,28E-03
788 874 0 670
+ 886 + 1071 * 0 * 853
NEW YORK BIGHT 5.80E-03 1.09E-02 4.00E-03 1.02E-02
: 4 ,24E-04 1.21E-03 4.34E-04 1.35E-03
360 673 248 635
+ 527 + 958 * 664 + 1098
SHELF EDGE 2.28E-02 1.65E-02 4,93E-03 4 ,68E-03
9 .06E-03 1.99E-03 4 44E-04 3.97E-04
1414 1025 306 291
+ 2292 + 1143 + 790 + 535

CONTINENTAL SLOPE 0.00E+00 0.00E+00 . .

0.00E+00 0.00E+00 . .

0 0 .

+ 0 + 0 * . + .
STUDY AREA OCS* 5423 4057 1287 1254
+ 3141 + 2876 + 2044 + 1055

e

#*Study area OCS does not include the slope water regions.
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Balaenoptera boreslis - Sei whale - Endangered Species

INTRODUCTION

1981 Data. The 3 sightings of sei whales in July in the area
immediately south of Montauk Point and Block Island (2 “sure”
identifications, 1 “probable™) extend the described range of sei
whales in the study area about 100 n. miles west of that given in
previous CETAP reports. Beyond this, the 1981 data were consistent
with the results of CETAP studies in 1979 and 1980. The sections

below describe the cumulative results.

Number of Sightings. B. borealis was the sixth most commonly sighted
large whale in the study area. The 67 sightings of 204 individuals
accounted for 2% of the large whale sightings and 2% of the baleen

whale sightings during the 3 year survey period.

Individuals Si ing. The average number of individuals per
sighting was 3.0 (the largest of the baleen species), with a mode of
1, and a range from 1 to 40. This small group size was characteristic

of all baleen species, and for the most part, large whales.
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SPATIAL AND TEMPORAL DISTRIBUTION

General Distribution. The sei whale has a predominantly spring and
summer distribution in the northern part of the study area (Figures
12a-d). The period of greatest abundance is in spring, with the
sightings largely concentrated in an area west of Georges Bank and
north of Hydrographer Canyon, along the southern margin of Georges
Bank, and off the southeast corner of Georges Bank at the seaward
entrance to the Northeast Channel. Summer sightings are fewer in
number and more widely scattered. The southern and eastern sections
of Georges Bank remain as important areas, although the relative
abundance is about 1/8 of springtime levels. In fall and winter the
species is almost completely absent from the study area. The single
fall sighting of 1 individual on 15 October 1980 near the Northeast
Peak of Georges Bank was assigned an I.D. reliability of “unsure’.
Two sightings of 1 and 4 individuals in the same general area on 20
February 1980 were assigned I.D. reliabilities of “sure”. Therefore,
for the fall and winter months, from October to late February. the
species does not regularly occur in the study area. However, while
Katona et al. (1978) concluded that the species generally omly occurs
occasionally in the area, present data indicate that for about half
the year, sei whales are a common and regular component of the

cetacean fauna in the more northerly sections of the study area.

The two southerly sightings (July 1980, east of the Delmarva
Peninsula, and June 1980, east of N.C.) were both “probable”
identifications. Therefore, the occurrence of sei whales south of

40eN requires future informatiom.

Based on Mitchell and Chapman (1977) the sei whales in the study area
are part of the hypothetical Nova Scotia stock which has its most
common occurrence from southern New England waters to south of

Newfoundland.
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Feeding. Sightings of surface feeding sei whales, like sei whale
sightings in general, were confined primarily to shelf edges,
particularly at the southern edge of the Great South Channel (Fig.
12e). There were also scattered feeding sightings near the Northeast
Peak of Georges Bank, coincident with the various sei whale sightings
in the Northeast Channel and nearby Gulf of Maine waters. Surface
feeding sightings comprised approximately 15% of all sei whale
sightings. All of the feeding sightings were in spring and summer,

with no differences between months.

Sei whales are primarily copepod feeders (Mitchell, 1976; Nemoto,
1970). They have been classified as “skimmers s in light of their
feeding behavior, which is similar to that of right whales (Nemoto,
1970). Recent studies of zooplankton distributions indicate that
Calanus fipmarchicus is found primarily .in stratified waters
surrounding Georges Bank, while Pseudocalanus spp. are distributed
primarily in the well-mixed waters on the Bank itself. Perhaps the
distribution of sei whales along the edges of Georges Bank and the

Great South Channel is a reflection of the copepod distribution.

Fifty percent of the surface feeding sightings of sei whales are
either within proposed Lease Area 52 or directly to the west of it.
Furthermore, there were numerous general sightings of sei whales
within Area 42 and Proposed Area 52. Given the aforementioned
correlation of Calapus finmarchicus with the outer edges of Georges
Bank, and the preference of sei whales for copepods such as C,
fipmarchicus, it appears likely that Area 42 and Proposed Area 52 are
coincident with important feeding grounds for sei whales in the study

area.

119



Calves and Juveniles. During the 3 year survey period, 3 sei whale

calf or juvenile sightings were reported. Figure 12f shows their
locations. During May 1980, a calf sighting was reported from the
northeastern edge of Georges Bank (1000m). Another sighting was found
along the western edge of the Great South Channel (100m) during June,
1979. The third sighting was reported from the southeastern edge of
Georges Bank (1000m) during July, 1979. No calves were sighted during

the fall or winter seasons.

Although parturition is believed to occur between January and March,
the location of sei whale calving grounds is unknown (Ratoma et al.,
1978). The paucity of calf sightings parallels the relatively small
number of sei adult sightings. Calves were found among adult groups

ranging in size from 2 to 8 animals.

No calves were found within BLM Lease Sale Areas 40, 42, 49, or 59, or

within Proposed Lease Sale Area 52.

Areas. No sightings of sei whales have been reported for Mid-Atlantic
areas 40, 49, or 59. In the North Atlantic areas, the species does
occur 1n spring and summer in the southern section of 42 and eastern
2/3 of Proposed Lease Sale 52. The area between Hydrographer Canyon
and the Great South Channel, and along the southern margin of Georges
Bank, appear to be areas of common occurrence for the species
(predominant1§ in the spring). This area falls within the boundaries

of Proposed Lease Sale Area 52.
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POPULATION ESTIMATES AND STATUS

Population Estimates., Seasonal estimates of the average density,
variance of the density, abundance, and 95%Z confidence interval about
the mean are presented in Table 10 for the regiomns defined in the
study area; These estimates are based on the combined data for all
three years of sampling. The estimates for selected regions are shown
graphically in Figure 12g. The peak average abundance estimate of sei
whales for the Study Area (280 +/- 313) occurred during the spfing.
Correspondingly, the peak average abundance estimate of this species
in waters of Georges Bank greater than 50 fathoms in depth (253 +/-
321) also occurred during the spring. The maximum point estimate of
abundance of this species (469 +/598) occurred in sampling block Q,
stratum z, during May 1981. Post-stratification of the 1979 data did
not affect the maximum point abundance estimate. These estimates are
undoubtedly negatively biased due to animal diving behavior and other
factors. Assuming that sei whales spend proportionally the same
amount of time at the surface relative to below as do fin whales then
the estimated number of this species océurring in the waters of the US
" 0CS 1s 2273. This number may represent the entire estimated stock of
sel whales in the Nova Scotian management area (1398-2248 individuals,

Mitchell and Chapman 1977).

ENVIRONMENTAL DATA

Water Temperature (°C). The average water temperature for sei whale

sightings was 11.2°C, the third coldest for all baleen whales; the
mode was 13.0 with a range from 5.0 to 19.8°C. Ninety percent of all
sightings were found in cold to moderately warm water (5.8 to
18.2°C).
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Depth (m). The average depth for sei whale sightings was 506m, the
deepest of all baleen species; the mode was 88 with a range from 31 to
3579m. Ninety percent of these sightings were found in a relatively
wide depth range (49 to 2124m). The greatest concentration of sei
whales was found along the shelf edge, which may explain this wide

depth range.

BEHAVIOR

Associations. Cetacean multispecies aggregations were recorded om 9
of 67 sightings (13%) of sei whales. Although B.borealis was observed
in proximity to at least & species of large whale and 3 species of

small whale, associations with E.glacialis and B.physalus were the

most numerous, with each occurring on 3 occasions. Less frequent
occurrences with other species are noted in Table 30. Aggregations
involving sei whales often occurred within areas of feeding activity;

on only two occasions were more than two species present.

Migration and Movement. The highly seasonal occurrence of the sei

whale in the study area is strongly suggestive of a movement into the
northern sections in spring and a departure from the area in the fall.
& number of early spring sightings and a few fall sightings south of
Georges Bank and seaward of the shelf edge (Mitchell and Chapman,
1977) may represent a seasonal offshore habitat and/or am offshore

migration route along north-south lines.
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Figure 12a. All sightings of the sei whale, Balaenoptera
borealis, for the 39 month period -- 1 November 1978 through 28

January 1982. :
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Figure 12b. The relative abundance of B, borealis for the 39 month
period -- 1 November 1978 through 28 Januar y 1982. Values plotted are
the number of individuals per unit effort for each 10' quadrat within
the study area after application of a binomial smoothing function.
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Figure 1l2c¢.

The sighting distribution of B. borealis by season.
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Figure 12d. The relative abundance of B, borealis by season. Values
plotted are the number of individuals per unit effort for each 10!
quadrat within the study area after application of a binomial
smoothing function. Note that the plot scale differs between seaso¢ns
and must be taken into comsideration when interpreting these data.
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Figure 12f. Sightings of calves or juveniles of B, borealis. The
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winter) and are plotted at the sighting
location.
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Figure 12g. Estimates of the number of individuals of B. borealis by
season for selected regions. The estimates are averages based on all
samples taken within the given region and season during the 39 month
period =-- 1 November 1978 through 28 January 1982. The complete data
for all defined regions are given in the following table.

130



Table 10. Average density (individuals/kmz). variance of the density
estimated number, and 95% confidence interval by defined

OO0 Wouilw oo

0.00E+00
0.00E+00
0

* 0

7 .05E-04
1.50E-05
49

* 113

0.00E+00
0.00E+00

0
+ 0

1.84E-03
3.90E-05
67

* 154

0.00E+00Q
0.00E+08

s 0

0.00E+00
o.ooz+08

* 0

0.00E+00
0.00E+08

x 0

0.00E+00
0.00E+08

* 0

0.00E+00
0.00E+08

* 0

0.00E+00
0.00E+08

* 0

___________ region and season for Balaemoptera borealis. .
SEASON
"REGION SPRING SUMMER FALL
GULF OF MAINE 3.86E-04 0.00E+00 0.00E+00
5.05E-06 0.00E+00 0.00E+00
28 0 0
b4 68 * 0 + 0
GEORGES BANK 3.45E-03 1.45E-03 1.22E-03
- 1.49E-04 1.16E-04 1.48E-05
238 100 84
+ 279 + 282 + 204
<50 FATHOMS 3.32E-04 0.00E+00 0.00E+00
3.93E-?? 0.00E+08 0.00E+00
* 33 * 0 *
>50 FATHOMS 6.9 0E-03 3.12E-03 2.16E-0
3.09E-04 2 49E-04 2.61E-0
253 114 7
+ 321 + 321 + 23
LEASE SALE 52 3.67E-03 3.11E-03 0.00E+0
1.68E-04 2.49E-04 0.00E+0
102 87
+ 186 + 266 +
MID-ATLANTIC 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 - 0.00E+00
0 0 0
* 0 + 0 + 0
NEAR SHORE 0.00E+00 0.00E+00 0.00E+00
o.oox+08 o.ooa+08 0.00E+08
hd 0 + 0 + 0
MID-SHELF 0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00
0 0 0
+ V 0 + 0 + 0
NEW YORK BIGHT 0.00E+00 0.00E+00  0.00E+00
0.005+08 o.oos+og o.ooa+08
* 0 + 0 * 0
SHELF EDGE 3.81E-03 1.63E-03 0.00E+00
1.85E-04 - 1.30E-04 0.00E+00
237 101 0
+ 327 + 293 + 0
CONTINENTAL SLOPE 0.00E+00 0.00E+00 .
o.ooz+08 o.oon+08 .
+ 0 + 0 + .
STUDY AREA OCS* 280 110 VA
+ 313 + 303 + 92
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*Study area OCS does not‘include the slope water regions.
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Balaenoptera acutorostrata - Minke whale
INTRODUCTION

1981 Data. The 1981 data were consistent with the results previously
reported for 1979 and 1980. The sections below describe the

cumulative results for all years.

Number of Sightings. B. acutorostrata was the third most commonly
sighted large whale in the study area. The 518 sightings of 782
individuals accounted for 12% of the large whale sightings and 13% of"

the baleen whale sightings during the 3 year survey period.

Individuals per Sighting. The average number of individuals per
sighting was 1.5, the second lowest of the baleen whales. The mode
was 1, with a range from 1 to 15. This small group size was typical

of all baleen whales, and most large whales.

SPATIAL AND TEMPORAL DISTRIBUTIONS

General Distribution. There is a strong seasonal compoment to the
istribution of B. acutorostrata in the study area (Figures 13a-d).
Spring and summer are times of relatively widespread and common
occurrence. In fall, the number of individuals and the areas they
occupy are reduced. In winter the species is largely absent from the
study area. Like other baleen whales, the minke whale generally

occupies the shelf proper, rather than the shelf-edge regiom.
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During the times of greatest numbers and most widespread distributionm,
in spring and summer, the most important area is described by a large
“U”. This area extends eastward from Montauk Pt. by Block Island to
southeast of Nantucket Shoals, from there northward along western
Georges Bank through the Great South Channel area, east of Cape Cod,
and across Stellwagen Bank to Cape Ann and Jeffrey's Ledge. This area
remains important through the summer, with the expansion of the area
of common occurrence northward into the northern Gulf of Maine and the
mouth of the Bay of Fundy. In the fall, the population thins and the
range is contracted. However, the areas in the western Gulf of Maine
and east and southeast of Cape Cod continue to be important habitats.
In winter, the infrequent sightings of minke whales occurred in the
western Gulf of Maine and southeast of Cape Cod. A feature of the
data is that in three years of observations there has only been omne
minke whale sighting south of Long Island in the fall (1 individual,
I.D. “probable”, 2 October 1980, shelf edge east of Delmarva

peninsula), and no sightings south of Long Island in the winter.

Feeding. In comparison to the total number of minke whale sightings,
there were relatively few sightings of surface feeding by minke whales
(only 4% of the total). These feeding sightings were scattered
throughout the northern half of the study area, virtually all
occurring inside the 100 m contour. Surface feeding was observed in
the Great South Channel, east of Montauk Point, and along Cape Ann and

Jeffreys Ledge (Fig. 13e).

Some 95% of the feeding sightings were in spring and summer, however
it is noted that these are the seasons of principle abundance in the
study area. There were no discernable latitudinal or geographic

differences between spring and summer.
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Minke whales are predominantly ichthyophagous in the study area
(Gaskin, 1976; Katona et al., 1978), feeding primarily on gadoids and
clupeids. Given the recent decline in herring (Sherman et al., 1981),

minke whales may have switched to the more abundant sand lance.

The paucity of surface feeding sightings is probably not a reflection
of any true lack of feeding in the area, but rather a consequence of
the probable sub-surface feeding behavior on the part of the minke
whales, and their relatively small size. It is likely that inshore
areas throughout the Gulf of Maine (Sergeant, 1963; Gaskin, 1976), the
Great South Channel-Jeffreys Ledge corridor, and the southern édge of

Georges Bank are all feeding areas for minke whales.

Although there were numerous minke whale sightings within or directly
adjacent to all the lease areas, there were no surface feeding
sightings within the lease areas. However, several surface feeding
observations were made just to the west of Proposed Area 52, as well
as in the Great South Channel which is directly to the northwest of

Area 42 and Proposed Area 52.

C es _and eniles. During the 3 year survey period, only 2
_sightings of minke whale calves or juveniles were reported. Their
locations are shown in Figure 13f. One sighting was located between
the 1000 and 2000 meter isobaths (south of Martha's Vineyard) during
April, 1980. The other sighting reported during June, 1979 was
located between the 100 and 200 meter isobaths (southeast of
Nantucket).

Minke whales are probably born during the winter (Mitchell and
Kozicki, 1975). Mead (1975) suggested that the calving grounds may be
located in the southern portions of their range. The reason for the
limited number of calf sightings, despite a considerable number of

adult sightings (518), is difficult to ascertain.
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One of these calf sightings was found close to., and the other within,
Proposed Lease Sale Area 52. No calves were sighted within Lease Sale

Areas 40, 42, 49, or 59.

Areas. The minke whale is only occasionally found, and on a widely
scattered basis, in the Mid-Atlantic Lease Sale Areas (40, 49, 59).
There is a more common occurrence in the North Atlantic Areas (42,
Proposed Area 52), particularly, in the eastern portion of, and in
close proximity to the northwestern boundary of, Pfoposed Lease Sale
52. The extreme southern portion of Proposed 52 contains only one
sighting, at the far western end. The area shoreward of the 100 m
contour from Block Canyon to western Georges Bank is most Iikely an
important habitat for the minke whale. This region is within or near

the northern boundary of Proposed Lease Sale Area 52.

POPULATION ESTIMATES AND STATUS

Populatio imates. Seasonal estimates of the average density,
variance of the demsity, abundance, and 95% confidence interval about
the mean are presented in Table 11 for the regions defined in the
study area. These estimates are based on the combined data for all
three years of sampling. The estimates for selected regions are shown
graphically in Figure 13g. The peak average abundance estimate of
minke whales (320 +/- 150) in the Study Area occurred during spring.
The maximum point estimate of abundance (414 +/- L&S) was made during
the first year's sample in sampling block C during June 1979. After
post-stratification of the 1979 data, the maximum point abundance
estimate was 313 (+/- 338) in sampling block C, stratum y, in June

1979. These estimates are undoubtedly negatively biased due to diving
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behavior and other factors. Assuming that minke whales spend

the same proportion of time at the surface as fin whales, then the
minimum estimated stock of this species in the waters of the US 0CS is
2006 individuals. This number represents only between 2.8-4.0% of the
estimated 50,000-70,000 minke whales in the North Atlantic (Nishiwaki,
1972).

ENVIRONMENTAL DATA

Water Temperature (°C). The average water temperature for minke whale
sightings was 12.6°C, the second warmest of all baleen species; the
mode was 8.0 with a range from 5.0 to 23.0°C. Ninety percent of all
sightings fell within a wide temperature range (6.2 to 20.0°C)., This
corresponds with the wide latitudinal range of minke whale sightings

from Cape Hatteras to the Bay of Fundy.

Depth (m). The average depth for minke whale sightings was 133m, the
second most shallow distribution of all baleen species. The mode was
64, with a range from 3 to 3027m. Ninety percent of these sightings
were made in depths ranging from 18 to 606m. This corresponds with
the distribution of minke whales in inshore waters and along the

continental shelf.
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BEHAVIOR

Associations. Minke whales were associated with another cetacean
species in 23 percent of the sightings. Of the four large whale
species and seven small whale species involved, B.physalus and
M.novaeangliae accounted for 72% of the total B,acutorostrata
associations. P.phocoena and L.acutus, each representing 8% of the
total associations, were the most frequently involved small whale
species. Although minke whales have been observed in aggregations
comprising as many as 5 species, 62 percent involved only one
additional species. Consistent with previous observations, these
occurrences typically involved either fin or humpback whales, and only

occasionally involved other cetacean species.

Migration and Movement. The strong seasonal differences in abundance
and distribution clearly suggest a movement into and out of the study
area. Within the study area, some portions are occupied over much of
the year, while other portions appear to be occupied on a more

transitory basis.

Based on the CETAP data, a seasonal clockwise migration is
hypothesized. In early spring minke whales move into the area from
offshore and/or southern waters. Over the course of the summer, there
is a general northward shift. The near absence of fall and winter
sightings in the Mid-Atlantic Bight suggests that the fall migration
out of the area passes in deeper waters beyond the shelf edge. The
few winter sightings represent either late departures or early
arrivals in the migration pattern. Alternatively, some individuals

may remain in the area through the winter.
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Figure 13a. All sightings of the minke whale, Balaenoptera

acutorostrata, for the 39 month period -- 1 November 1978 through 28
January 1982. ’
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Figure 13b. The relative abundance of B. acutorostrata for the 39
month period -- 1 November 1978 through 28 January 1982. Values
plotted are the number of individuals per unit effort for each 10'
quadrat within the study area after application of a binomial
smoothing functiom.
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